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EXECUTIVE SUMMARY 

This report, which is required annually by the Rocky Flats Cleanup Agreement (RFCA, 1996), summarizes the 

groundwater compliance activities and results at the Rocky Flats Environmental Technology Site (RFETS) for 

calendar year (CY) 2000. The report is presented in one volume that contains text, tables, figures, plates and 

appendices. This report is intended as a stand-alone volume where all groundwater issues at RFETS for CY 2000 

can be referenced and reviewed. 

0 

Section I .O serves as an introduction to the report and summarizes the Site environmental history and hydrogeologic 

setting. Section 2.0, Data Analysis, discusses the groundwater quality data collected in CY 2000 with respect to 

exceedances of RFCA action levels. Section 3.0 presents groundwater flow conditions during CY 2000 and 

compares them to groundwater flow conditions documented during CY 1996. Hydrologic conditions during 

calendar year 1996 are considered to represent a sitewide baseline to be used in assessing annual changes to the 

groundwater flow system in the remaining years of plant closure and post-closure monitoring. Section 3.0 also 

contains a discussion of the real time groundwater monitoring network. Section 4.0 discusses performance 

monitoring of W E T S  groundwater remediation systems and source removals. Section 5.0 presents a summary of 

groundwater activities, with respect to decontamination and decommissioning (D&D), that have taken place 

historically and during 2000. Section 6.0 presents a discussion of the Present Sanitary Landfill. Plume degradation 

monitoring of the Carbon Tetrachloride Plume (IHSS 1 18. l), the 903 Padmyan's Pit Plume, and the PU&D Yard 

Plume is discussed in Section 7.0. Section 8.0, Groundwater Evaluations, discusses the evaluation activities that are 

in progress for areas of the Site having reportable concentration values or where it is known that contaminant 

plumes have reached surface water. Section 9.0 presents a summary of CY 2000 groundwater characterization 

activities at RFETS including the Actinide Migration Project. Section 10.0 serves to outline other Groundwater 

Program activities including the CY 2000 well abandonment and installation activities. Section 1 1 .O contains a 

groundwater data quality assessment regarding the precision, accuracy, representativeness, completeness, and 

comparability (PARCC parameters) of analytical data. Section 12.0 presents conclusions and recommendations for 

future WETS groundwater monitoring, characterization, evaluation, and remediation activities. Section 13 .O lists 

all references that are cited in the text of this document. 

There are five appendices to this report. Appendix A consists of trend plots. Appendix B consists of CY 2000 water 

level data. Appendix C presents well hydrographs. Appendix D presents borehole logs and well construction 

diagrams for monitoring wells installed during 2000. Appendix E presents tables from Section 1 1 .O. 

... 
Vll l  
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1 .O INTRODUCTION 

This Annual Groundwater Monitoring Report summarizes the groundwater monitoring activities and results at 

Rocky Flats Environmental Technology Site (WETS) for calendar year 2000 (CY 2000), as required in the Rocky 

Flats Cleanup Agreement (FWCA 1996), and outlined in the Integrated Monitoring Plan (IMP) (K-H 2000a). 

Section 1 .O serves as a brief introduction to the report. Section 2.0 discusses the groundwater quality data collected 

in CY 2000. Section 3.0 presents baseline and CY 2000 hydrogeologic data for the RFCA groundwater monitoring 

network. Section 4.0 discusses the performance monitoring activities that are in process. Section 5.0 discusses 

groundwater issues with respect to building Decontamination and Decommissioning (D&D). Section 6.0 discusses 

the monitoring of the Present Landfill and Section 7.0 gives a summary of plume degradation activities. Sections 8.0 

and 9.0 discuss groundwater evaluations and groundwater characterization activities, respectively. Section 10.0 

discusses other groundwater program activities and Section 1 1.0 provides a data quality assessment of the 

groundwater data collected. Section 12.0 presents conclusions and future activities, and Section 13.0 lists all 

references. 

1 .I Site Description 

Rocky Flats Environmental Technology Site is located 16 miles northwest of Denver in Jefferson County, Colorado. 

The Site is a U.S. government-owned and contractor-operated facility that encompasses approximately 6,550 acres 

(Figure 1-1). Site ownership, however, does not include surface and subsurface minerals or water rights. Site 

construction was initiated in 195 1 and operations were begun in 1952. 

Prior to the current closure mission, WETS was part of the nationwide nuclear weapons research, development, and 

production complex. The plant produced metal components for nuclear weapons from plutonium, uranium, 

beryllium, and stainless steel. Other production activities included chemical recovery and purification of recyclable 

transuranic radionuclides, metal fabrication and assembly, and related quality control functions. The plant 

conducted research and development programs in metallurgy, machining, nondestructive testing, coatings, remote 

engineering, chemistry, and physics. Parts manufactured at the Site were shipped offsite for final assembly. 

Major plant structures, including all production buildings, are located within the centralized 400-acre Industrial Area 

(IA) of the Site that is surrounded by a 6,150-acre Buffer Zone. Industrial activity immediately adjoining the Site 

includes present and/or prior coal and clay mining, petroleum recovery, natural classified-aggregate quarrying, and 

fabricated-aggregate mining. Other activities include cattle ranching and wind energy research. Several irrigation 

ditches traverse the Site, transmitting water for downstream agricultural, industrial, and municipal purposes. Three 

ephemeral streams drain the Site and flow eastward (see Figure 1-2). 

1 - 1  
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1.2 Geology and Hydrogeology 

1.2.1 Introduction 

The Site is situated approximately two miles east of the Front Range of Colorado (Figure 1- l), on the western 

margin of the Colorado Piedmont section of the Great Plains Physiographic Province (Spencer, 1961). Haun and 

Kent (1 965) have summarized the geologic history of the Colorado Rocky Mountain region, which includes the Site 

area. The elevation at the Site is approximately 6,000 feet above mean sea level (MSL). The Industrial Area of the 

Site is located on an alluvial-covered pediment. The upper surface of the alluvium slopes easterly 1 to 2 degrees. 

Most of the surrounding area in the Buffer Zone is more prominently dissected with intermittent streams. These 

small, eastward flowing streams include Rock Creek, Walnut Creek, Woman Creek, and several surface water 

diversion ditches. 

1.2.2 Stratigraphy . 

The stratigraphic sequence that underlies the Site extends from the crystalline Precambrian gneiss, schist, and 

granitoids at 3,000 feet below MSL to the unconsolidated Quaternary deposits at the surface approximately 6,000 

feet above MSL. Based upon aerial photographic interpretation, field geologic mapping, coal and aggregate mine 

development, petroleum exploration in the vicinity, and numerous borehole investigations, a substantial amount of 

lithologic information has been gained about the Site. The generalized lithologic section in the Rocky Flats area is  

shown in Figure 1-3. 

The uppermost Cretaceous Pierre Shale and Fox Hills Sandstone underlie the Site, with the latter exposed in quarries 

along the western edge of the Site. The Cretaceous Laramie and Arapahoe Formations are exposed at the surface or 

underlie the Site. The Quaternary Rocky Flats Alluvium, and to a limited extent Verdos Alluvium, unconformably 

overlie the Arapahoe and Laramie Formations in the central portion of the Site. More recent valley fill alluvium and 

hillslope colluvium is also present. The unconsolidated surficial deposits, combined with the weathered portion of 

subcropping bedrock formations, form the sequence of rocks that have the greatest importance regarding 

groundwater flow and contaminant transport at the Site. 

1.2.2.1 Rocky Flats Alluvium 

Scott (1 975) identified several Quaternary alluvial pediment covers in the.vicinity of the Site. The Rocky Flats 

Alluvium is an unconsolidated deposit derived from quartzites and granites of the Coal Creek Canyon provenance 

west of the Site. The deposit thins from west to east with thicknesses ranging from approximately 100 feet to less 

than one foot. In the central portion of the Site the deposit is approximately 15 to 25 feet thick. The Rocky Flats 

Alluvium is a heterogeneous deposit dominantly composed of angular to subrounded, poorly sorted, coarse, 

- 
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bouldery-gravel with a clay and sand matrix. Clay, silt, and sand lenses as well as varying amounts of caliche are 

also present. 

Exposures of Rocky Flats Alluvium in the aggregate quarries north and west of the Site exhibit some large scale 

cross-stratification. Depositional processes include fluvial and debris-flow transport (Shroba and Carrara, 1994) 

infilling paleotopographic lows and leaving a widespread surface of erosion with extremely low relief. 

1.2.2.2 OtherSurficial Deposits 

In addition to the pediment covering alluvial deposits, younger Quaternary units consisting of colluvium, landslide 

alluvium, and valley f i l l  alluvium mantle the hillslopes and valley bottoms below the pediment surface. Colluvial 

deposits are derived from older alluvial deposits and Arapahoe and Laramie Formations. This unit consists of 

sheetwash, soil creep, and landslide materials with a total thickness of 3 to 16 feet (Shroba and Carrara, 1994). 

These deposits locally flank the Rocky Flats Alluvium and generally extend to lower parts of the slopes along the 

principal drainages. 

Landslide deposits commonly flank the Rocky Flats Alluvium. They are often bounded by headwall scarps and 

lobate toes at the downslope margins. Seeps issuing fiom the base of the Rocky Flats Alluvium contribute to 

landslide colluvium generation. The landslide h i t s  include earth flows, slumps, and debris flows with thicknesses 

estimated between 10 to 33 feet (Shroba and Carrara, 1994). 

Valley-fill alluvial deposits, present in the bottoms of modem stream channels, flood plains, and terraces, are 

composed of clay, silt, sand, and gravel. They are commonly less than 10 feet thick but can be tens of feet thick. 

Usually these deposits contain more sand and are well sorted compared to the Rocky Flats Alluvium. 

1.2.2.3 Arapahoe Formation 

The Arapahoe Formation is composed of claystone and silty claystone with lenticular sandstone in the basal portion 

of the formation. The Arapahoe Formation is generally less than 25 feet thick in the Site area, occurring as erosional 

remnants of fine grained sandstone above the Laramie Formation at various locations on Site (EG&G, 1995a). This 

basal Arapahoe Formation sandstone, often referred to as the No. 1 Sandstone, is of concern as a potential 

contamination pathway, especially where it subcrops beneath the alluvium. 

1.2.2.4 Laramie Formation and Fox Hills Sandstone 

The Laramie Formation is approximately 600 to 800 feet thick and is composed of a lower sandstone/claystone/coal 

interval and an upper, thick claystone interval. Within the upper claystone interval, thin, lenticular sandstone lenses 

(i.e., Sandstones 2 through 5 in the 1991 Geologic Characterization Report [EG&G, 1991al) occur. The 

discontinuous nature of these sandstone lenses coupled with the large claystone layer that encloses them mitigates 

their potential for transmitting groundwater contamination in both a horizontal and vertical direction. 
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The Fox Hills Sandstone is primarily fine-grained sandstone with thin siltstone and claystone interbeds and an 

approximate thickness of between 75 and 125 feet. The Fox Hills Sandstone is exposed in quarries and subcrops 

along a narrow, north-south trending pattern in the extreme western part of the Site, upgradient from known sources 

of contamination. 

The permeable lower sandstones and coals of the Laramie, combined with the permeable sandstones of the Fox 

Hills, constitute a regional aquifer system known as the Laramie-Fox Hills aquifer. This aquifer system is an 

important water source in the South Platte River Basin (Pearl, 1980), and is the sole water supply for some residents 

in the Rocky Flats area. This aquifer lies approximately 500 to 600 feet below the Industrial Area and is protected 

from contamination by the intervening Laramie Formation claystones. 

1.2.2.5 Pierre Formation 

The Pierre Formation is a 7,500-foot thick, dark gray, silty bentonitic shale that acts as a lower confining layer for 

the Laramie-Fox Hills aquifer in the Denver Basin. This thick marine shale unit subcrops only in the extreme 

western part of the Site. 

1.2.3 Geologic Structure 

The Site is located along the western margin of the Denver Basin, an asymmetric basin with a steeply east-dipping 

western flank and a gentle west-dipping eastern flank. The interpretation of the subsurface structure is generalized 

in the east-west geological cross section of the Site area presented in Figure 1-4. A monoclinal fold limb present 

west of the Site is the most significant surficial structural feature in the Site area. Along the west limb of the fold, an 

angular unconformity exists between the Upper Cretaceous bedrock and the base of the Quaternary Rocky Flats 

Alluvium. 

No active faults have been identified at the Site. Several high angle bedrock faults have been inferred to exist in the 

I A  based on various stratigraphic and borehole correlation criteria. These faults appear to have only a limited 

hydrologic significance with regard to vertical groundwater movement and contaminant transport (RMRS, 1996a). 

I .2.4 Hydrogeology 

This section presents the basic concepts about the hydrogeologic conditions at the Site that affect groundwater 

monitoring and protection. Characterization of the hydrogeologic setting is based on the currently accepted 

conceptual geologic and hydrogeologic models described in the Sitewide Geoscience Characterization Study 

(EG&G, 1995a; 1995b; 1995~).  These conceptual geologic and hydrogeologic models are used to predict the 

direction and rate of groundwater flow, identify potential pathways for contaminant migration, and determine the 

extent of contaminant plumes given varying physical, chemical, and biological factors. 

1 - 4  
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1.2.4.1 Definition of the Uppermost Aquifer for the Site 

The term aquifer as defined by 40 CFR Section 260.10 is a “geologic formation, group of formations, or a part of a 

formation that is capable of yielding a significant amount of water to a well or spring.” An uppermost aquifer is 

also defined as “the geologic formation nearest the natural ground surface that is an aquifer, as well as lower 

aquifers that are hydraulically interconnected with this aquifer within the facility’s boundary.” Geologic materials 

with similar hydrologic properties comprise a hydrostratigraphic unit (HSU) (Fetter, 1988). For purposes of this 

report, the uppermost aquifer or upper hydrostratigraphic unit (UHSU) consists of the unconfined saturated zone, in 

which unconsolidated and consolidated groundwater-bearing strata are in hydraulic communication. The UHSU 

consists of the following geologic units: Rocky Flats Alluvium, valley-fill alluvium, colluvium, landslide deposits, 

weathered Arapahoe and Laramie Formation bedrock, and all sandstones within the Arapahoe and upper Laramie 

Formations in hydraulic communication with the overlying unconsolidated surficial deposits. The UHSU is 

considered to be equivalent to the uppermost aquifer at the Site, although in many areas of the site the amount of 

water available in the UHSU is insufficient to meet the definition of aquifer given above. 

Beneath the surficial materials and the consolidated deposits of the UHSU are the geologic units of the lower 

hydrostratigraphic unit (LHSU). The LHSU consists of the consolidated, unweathered bedrock zone of the 

Arapahoe and upper Laramie Formations not in hydraulic communication with the overlying UHSU. The Arapahoe 

and upper Laramie Formations comprising the geologic units of the LHSU consist of lesser amounts of sandstone 

and greater amounts of adjacent claystones. Because of the low permeability of the claystones, they behave as 

aquitards restricting hydraulic communication with the UHSU. The lower Laramie Formation and Fox Hills 

Sandstone comprise a stratigraphically lower and third hydrostratigraphic unit beneath the site. Groundwater within 

the three hydrostratigraphic units are hydraulically separated beneath the IA. Because of monoclinal folding and 

erosional proximity they do converge, however, and potentially mix immediately upgradient of WETS near the 

western margin of the Site. Background geochemical characterization of the UHSU and LHSU has revealed that 

these units have statistically different groundwater chemistry, resulting in the delineation of separate 

hydrostratigraphic units (EG&G, 1993a). 

1.2.4.2 Groundwater Occurrence and Distribution 

The Site is located in a regional groundwater recharge area (EG&G, 1991a). Groundwater recharge occurs from the 

infiltration of incident precipitation and as base flow near the upgradient area of the Site drainage basin that extends 

west to Coal Creek. Groundwater recharge also occurs from stream, ditch, and pond seepage. Some of the 

groundwater that discharges from the UHSU to streams and seeps evaporates as it is being discharged. Limited 

investigation of the former Operable Unit (OU) 2 area during the period of July through October 1993 indicated that 

the precipitation component of recharge was lost to evapotranspiration demands (EG&G, 1993b). 

9 
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In the western part of the Site, where the thickness of the Rocky Flats Alluvium may exceed 100 feet, the depth to 

the water table is 50 to 70 feet below the surface. The depth to water generally becomes shallower from west to east 

as the alluvial material thins and the underlying claystones are closer to the ground surface. At the head of stream 

drainages and along valley sides, seeps are common and occur at the base of the Rocky Flats Alluvium where it is in 

contact with claystones of the ArapahoeLaramie Formations, and where the Arapahoe Formation sandstone crops 

out. In summary, the unconsolidated surficial materials are thicker in the western, higher elevations at the Site. 

Accordingly, the saturated thickness of these materials also thins eastward. The potentiometric surface of 

groundwater in permeable units of the UHSU has been mapped and is shown sitewide on Plates 2 and 3, and for the 

IA on Plates 4 and 5. The periods illustrated, spring and fall quarters, represent the times of year when static water 

levels are expected to be highest and lowest. Current areas of unsaturated and seasonally unsaturated alluvium and 

colluvium are indicated east, northeast, and southeast of the IA. 

Groundwater in the Arapahoe Formation sandstone units, which subcrop beneath the alluvial material, is not 

confined when in contact with the surficial materials. In this setting, a hydraulic connection exists between the 

bedrock sandstone and the alluvial material allowing the bedrock groundwater to exist under unconfined conditions 

as part of the UHSU. The subcropping Arapahoe Formation No. 1 Sandstone, located in the eastern portion of the 

IA and in the area between South Walnut Creek and Woman Creek, is part of the UHSU (EG&G, 1991a). The 

upper discontinuous sandstones of the Laramie Formation also subcrop beneath alluvium and colluvium, but in 

limited areas in the valleys and along valley slopes. Groundwater in the lenticular sandstone units of the Laramie 

Formation occurs under confined conditions over scattered areas of the Site. 

, Groundwater levels in UHSU wells fluctuate in response to seasonal recharge events. Of the wells that are not dry 
during at least one of the quarterly sampling events, approximately half cannot yield sufficient water volume 

(approximately 4.5 gallons) necessary for well purging and collection of a full  suite of laboratory samples. As a 

result, sampling crews must return after wells have recovered to obtain additional sample volume. 

1.2.4.3 Groundwater Flow 

The shallow groundwater flow regime at the Site is illustrated by the configuration of potentiometric contours in 

Plates 2 and 3.  These maps indicate that groundwater flow is largely controlled by the topography of the bedrock 

surface, which is generally reflected by the topography of the ground surface. Shallow (UHSU) groundwater flow is 

primarily lateral because of the low permeability of the underlying claystone bedrock. Groundwater in the ridge 

tops generally flows toward the east-northeast. In areas where the ridge tops are,bisected by east-northeast trending 

stream drainages, groundwater flows to the north or south toward the bottom of the valleys. In the valley bottoms, 

groundwater flows to the east, generally following the course of the stream. 

The potential for vertical groundwater flow is limited by the low permeability of bedrock claystones, as indicated by 

the presence of strong downward vertical hydraulic gradients between the UHSU and underlying bedrock units. 

This is evidence of poor hydraulic communication. For example, vertical gradients on the order of 0.79 to 1.05 Wft 

have been calculated between colluvium and bedrock sandstones. The vertical groundwater flux through claystones 
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e is estimated to be small, on the order of IO-’’ to 1 OS7 cm/sec, based on calculations provided in RMRS (1 996a). 

Fracturing, where evident, is most abundant in the weathered bedrock zone and is observed to decrease with depth in 

unweathered bedrock. Preferential vertical groundwater flow and contaminant transport along fractures or fault 

zones does not appear to represent a viable pathway for contaminant migration based on an assessment of available 

data (RMRS, 1996a). 

1.2.4.4 Hydraulic Conductivity 

The UHSU at the Site has a relatively low to moderate hydraulic conductivity that typically yields small amounts of 

water to groundwater monitoring wells. The UHSU exhibits a wide range of hydraulic conductivities because of the 

diverse nature of the individual geologic units that’comprise this unit. Summary statistics for UHSU hydraulic 

conductivities (EG&G, 1995c, Table G-2) indicate a range of 5.0 x 

units of the UHSU are listed in order of decreasing “average” geometric mean hydraulic conductivity: valley-fill 

alluvium (9.197 x lo4 cm/sec); Arapahoe No. 1 sandstone (7.9 x 

cm/sec); colluvium (9.3 x IO” cm/sec); weathered Laramie Formation sandstones (3.9 x l o 5  cm/sec); and weathered 

Laramie Formation claystones (8.8 x lo-’ cm/sec). 

cm/sec to 3.0 x IO-’ cm/sec. The individual 

cm/sec); Rocky Flats Alluvium (4.18 x 

Hydraulic conductivities for LHSU materials are generally the lowest measured at the Site with geometric mean 

values for individual lithologic groups ranging fiom 1.6 x l o 7  to 5.8 x lo-’ cm/sec (EG&G, 1995c, Table G-2). 

In summary, the following major geologic and hydrologic parameters influence groundwater flow at the Site 

(EG&G, 1995a; 1995b): 

(1) The surface waters of the upslope drainage basin in part recharge groundwater and the three principal 

streams draining the Site. The majority of shallow groundwater is intercepted by these drainages. The 

semi-arid climate sharply limits the amount of surface water available for.groundwater recharge. 

(2) The lithology and permeability of the unconsolidated surficial deposits permit meteoric waters to recharge 

the water table in times of low evapotranspiration. The water table is contained in these surface deposits 

and weathered bedrock. 

(3) Paleotopography of the bedrock pediment, which is less permeable than the overlying unconsolidated 

surficial deposits, serves to direct groundwater movement along bedrock ‘‘lows.’’ 

(4) Paleoweathering of shallow bedrock materials has enhanced the permeability of the upper 10 to 60 feet 

relative to unweathered bedrock. 

( 5 )  The permeability of bedrock units, composed primarily of claystone with lesser amounts of siltstone and 

sandstone, is generally several orders of magnitude less than for unconsolidated surficial deposits. 
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The 600 plus feet of unweathered, upper Laramie Formation claystone bedrock between the shallow groundwater 

flow system and deep regional Laramie-Fox Hills aquifer provides an effective aquitard that restricts vertical 

groundwater flow and contaminant transport (RMRS, 1996a). * 
1.3 Environmental History 

Processing and fabrication of weapons-related components began at the Site in 1952 and continued through 1989. 

Fabrication of stainless steel components continued in one building, however, through the early 1990’s. During 

operation, environmental protection measures were established that seemed consistent with prudent environmental 

management. However, some activities resulted in the environmental contamination of portions of the Site. Efforts 

to document the extent of Site Contamination became a major focus in the 1980s and continue today in accordance 

with the Resource Conservation and Recovery Act (RCRA), the Comprehensive Environmental Response, 

Compensation, and Liability Act (CERCLA), and the RFCA, a cooperative agreement between U.S. Department of 

Energy (DOE), U.S. Environmental Protection Agency (EPA), and Colorado Department of Public Health and 

Environment (CDPHE). In addition, a historical release report (HRR) (DOE 1992a) has been developed that 

documents contamination arising from past practices. The HRR is updated on an annual basis with the knowledge 

gained from ongoing monitoring and investigative activities. The additional information is submitted on an annual 

basis to the EPA and CDPHE as addenda to the original document. 

Documented areas of soil contamination have been designated as Individual Hazardous Substance Sites (IHSSs). 

Many of these IHSSs have been characterized as part of the Remedial Investigation/Feasibility Study (R.I/FS) 

process which was conducted under the Interagency Agreement (IAG, 1991) between DOE, CDPHE and EPA. 

Some IHSSs have already been remediated and the Environmental Restoration Department in accordance with a Site 

environmental remediation priority ranking system currently schedules others for remediation. 

@ 

Groundwater investigations at the Site have determined that some IHSSs have released hazardous and radionuclide 

contaminants to groundwater. The most widespread contamination is that of volatile organic compounds (VOCs). 

Plate 12 shows the distribution of VOC contamination in the UHSU. Plume definition is inexact, however, because 

of limitations in well coverage, sampling frequency, variability of hydrostratigraphic conditions, and local variations 

in groundwater transport velocity. Previously published plume maps for individual constituents can be found in the 

previous RFCA Annual Reports (RMRS 1997e, DOE 1998b, RMRS 1999m and 2000d), the annual RCRA 

Groundwater reports (EG&G 1992, 1993c, 1994b, 1995d; RMRSKH 1996), the Well Evaluation report (EG&G 

1994a), and in individual Operable Unit RI/RFI reports. 

Compared to all other contaminants, groundwater VOC plumes at WETS have the greatest potential to impact 

surface water, based on spatial distribution, mobility, and concentration considerations. These plumes have been 

defined on the basis of concentration values above the RFCA “Tier 11” action level for individual constituents. Tier 

I and Tier I1 action levels at WETS are derived from regulated maximum concentration limits (MCLs). Tier I1 

action levels equal the MCLs; to delineate areas of very high groundwater VOC concentrations, Tier I action levels 

equal 100 x Tier I1 action levels. Plate 12 presents the distribution of some of the most common VOC contaminants 
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in groundwater at WETS. The most probable sources of VOC contamination were identified using the results of 

recent field sampling programs and knowledge of Site processes (see RMRS 1996b). A flow diagram (RMRS 

1996b) illustrates the method used to locate the contaminant plumes and corresponding sources, and to assist in 

determining which areas should be evaluated for potential remedial action. Other contaminants will also be 

addressed where there is a potential impact to surface water above action levels. 

0 

Six VOC groundwater contaminant plumes have been identified where contaminant concentrations are above Tier I 

action levels. These groundwater contaminant plumes include the IHSS 1 19.1 Plume, Mound Plume, 903 

Padmyan’s Pit Plume, Carbon Tetrachloride Plume, East Trenches Plume, and Industrial Area Plume. In addition, 

there are two plumes with contaminant Concentrations above Tier I1 action levels that have the potential to impact 

surface water. These two VOC plumes are associated with the Present Landfill and the Property Utilization and 

Disposal (PU&D) Yard (RMRS 1996b). 

In addition to the VOC plumes, there is a nitrate and uranium plume that emanates from the Solar Ponds. There are 

other point sources with constituents that are above Tier I1 action levels. These are being evaluated on a case by 

case basis. 

1.3.1 Rocky Flats Cleanup Agreement 

The RFCA was officially adopted on July 19, 1996 (RFCA 1996). The RFCA replaces the IAG as the 

environmental cleanup agreement for WETS. The RFCA outlines the goals, objectives, and strategies that will lead 

to the WETS cleanup and closure mission objectives. The Action Level Framework (ALF) attachment to the 

RFCA contains specific requirements for environmental monitoring and reporting, and it sets action levels for 

contaminant concentrations in groundwater (see Section 1.3.2) and in other media. The Integrated Monitoring Plan 

(IMP) is required under RFCA to further define the monitoring programs for the Site. 

To align the groundwater monitoring program with the new WETS mission and RFCA requirements, the 

monitoring network was evaluated in 1996. A data quality objective (DQO) process was used to determine what 

decisions were necessary for groundwater and the function of each well in the network in supporting those 

decisions. DOE, CDPHE, EPA, and stakeholders were directly involved in decisions involving the monitoring 

network. Results of this evaluation are presented in the IMP, which is discussed below. 

1.3.2 Integrated Monitoring Plan for Groundwater 

The IMP is a summary document that outlines the goals for groundwater monitoring (and other environmental 

media), and describes the various components of the groundwater monitoring program (K-H 2000a). Factors 

influencing groundwater monitoring requirements include the RFCA ALF for groundwater, the Site history and 

areas of contamination, the physical and hydrogeologic setting of the Site, the effect of contaminated areas on 

groundwater, and the nature of the groundwater contaminant plumes. This information is presented in the IMP 

Background Document (K-H 2000b), and Appendices A, B, C, and D of the groundwater section of the IMP 
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Background Document. Appendix E of the groundwater section lists the wells that will be monitored for water 

quality or groundwater flow. e 
In the past, two plans were required at WETS to comply with DOE Order 5400.1 (DOE 1988, Page 111-2), a 

Groundwater Protection & Management Program Plan and a Groundwater Monitoring Plan. These two plans were 

historically combined into one document, the Groundwater Protection and Monitoring Program Plan (GPMPP) 

(EG&G 1993d), which defines and describes the groundwater protection and monitoring programs at the Site. In 

addition, an assessment groundwater monitoring plan was required under RCRA for the interim status units on Site. 

This plan was called the Groundwater Assessment Plan (GWAP) (DOE 1993a). Other monitoring plans were 

developed to address groundwater monitoring requirements as outgrowths of various CERCLA Interim 

MeasureAnterim Remedial Action (IM/IRA) decision documents. 

The IMP serves as the Groundwater Monitoring Plan for the Site and it replaces the group of plans named above. It 

also revises the requirements of the routine groundwater monitoring portion of the IA IMAM Decision Document 

(DOE 1994b) and the French Drain Performance Monitoring Plan (DOE 1992~).  The original IMP was published in 

May 1997. The IMP and IMP Background Document are updated annually with any changes to the monitoring 

programs. 

Groundwater reporting has been integrated under the IMP. Four quarterly reports are produced annually that 

document concentration values above RFCA action levels. Also documented are changes in water quality for wells 

not monitored for comparison to action levels. A RFCA Annual Groundwater Report is also required to summarize 

all actions taken for groundwater compliance within each calendar year. 

For documented values above action levels and Site background in the designated program monitoring wells, an 

evaluation of impact to surface water is required. These evaluations are determined on a case by case basis, 

depending on the data requirements necessary to perform an impact analysis. Section 8.0 of this report discusses the 

status of the current evaluations that were implemented based on elevated concentrations in groundwater. 

The groundwater monitoring network, as defined in the IMP (K-H 2000a), has eight categories of monitoring wells. 

Table 1- 1 lists the wells in the current monitoring program. Table 1-2 presents the analytical suites associated with 

each well in the program and is found at the end of Section 1 .O. The decision rules presented in the original IMP 

have been retained for determining Tier I and I1 exceedances of groundwater action levels. The well types and 

decision rules are defined below. 

Boundary (6) Monitoring Wells 
These wells monitor groundwater leaving the eastern Site boundary. A reportable exceedance occurs if a measured 

concentration is above both a Tier I1 action level and the background Mean plus 2 Standard Deviations (M2SDs). 

When there is no historical data, or a value is greater than the M2SD of the historical concentration in a well at 

which there have been historical exceedances of Tier I1 action levels, the required action is to initiate monthly 
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sampling. Appropriate parties (DOE, CDPHE and EPA) are notified and possible impacts to surface water are 

evaluated if contaminant levels are above action levels, by the above criteria, for three consecutive months. 

D&D (DD) Monitoring Wells 
These wells monitor for releases to groundwater from D&D activities. A concentration value is reportable when a 

measured concentration is above the M2SD of the established historical baseline concentration downgradient of the 

building(s). The required action is to inform appropriate parties and initiate an evaluation of the situation. 
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Table 1-1 IMP Wells 

Semiannual 

Semiannual 

Semiannual 

Quarterly 

PE 

PE/PM 

PM 

RCRA 

PE 
PE 
PE 
D 

RCRA Quarterly 

Semiannual 

migration of the 'IA Plume 

migration of the SEP Nitrate and Carbon Tet Plumes 
Mound AL Plume Extent well tracking migration of Solar Ponds 

nitrate Plume 

remediation downgradient of Trench T-4 

of Landfill Plume 
Plume Extent south of the 88 1 Hillside Plume 
Plume Extent south of the 881 Hillside Plume 
Plume Extent south of the 88 1 Hillside Plume 

south of the 88 1 Hillside Plume 

Solar Ponds AL Plume Extent well monitoring the southern 

East Trenches BDAJSHU Performance Monitoring well monitoring effects of 

Landfill AL RCRA/Plume Extent well monitoring downgradient 

881 Hillside 
881 Hillside 
881 Hillside 

AL 
AL 
AL 

NA AL Drainage well monitoring the Woman Cr. drainage 

PU&D AL RCRA upgradient/ Plume Extent Well monioring the 

Semiannual 

PE 

PD 

PD 

D 

D 

PE 

DD 
PE 

DD 
B 

DD 
B 

DD 
DD 
PM 

Semiannual 

Ind. Area 

903 Pad 

903 Pad 

NA 

NA 

INOld Landfill 

Bldg. 123 AL D & D Monitoring for Building 123 
East Trenches AL Plume Extent well monitoring the southern 

migration of the East Trenches Plume 

Boundary Well - in drainage below Pond D-2 in the 
southeast comer of the Site 

Boundary Well - in the Woman Cr. Drainage at the 
Indiana Street Boundary 

Bldg. 123 AL D & D Monitoring for Building 123 
Boundary 

Bldg. 123 AL D & D Monitoring for Building 123 
Boundary 

Bldg. 123 AL D & D Monitoring for Building 123 
Bldg. 123 AL D & D Monitoring for Building 123 

AL 

AL 

881 Hillside AL Performance Monitorine for the French Drain 

7 Semiannual 

DD 
PM 
PM 
PM 

10098 Semiannual 

" 
Bldg. 123 AL D & D Monitoring for Building 123 

881 Hillside AL Performance Monitoring for the French Drain 
881 Hillside AL Performance Monitoring for the French Drain 
881 Hillside AL Performance Monitoring for the French Drain 

10298 Semiannual 
10394 Semiannual 

10398 Semiannual i 10498 Semiannual 
10592 I Semiannual 
10598 I Semiannual 

I 10692 I Semiannual 
10792 I Semiannual 
10992 I Semiannual 

Plume Extent Monitorini for Solar Ponds Plime ' 

pE/pM Solar Ponds AL Performance Monitoring - SEP Treatment System, 
Plume Extent Monitoring for Solar Ponds Plume 

Ponds 

PE Ind. Area AL Plume Extent well monitoring the northern - 
migration of the IA Plume 

PE lnd. Area BDAJHSU Plume Extent well monitoring the northern 

AL 

BDAJSHU 

AL 

AL 

AL 

AL 

PU&D Yard Plume - LF 
Plume Extent well monitoring easward migration of 
IA Plume 
Plume Definition well monitoring pathway to 
Woman Cr. in the 903 Pad/Ryans Pit Plume 
Plume Definition well monitoring pathway to 
Woman Cr. in the 903 Pad/Ryans Pit Plume 
Drainage well monitoring the Woman Cr. drainage 
downgradient of the 88 1 Hillside Plume 
Drainage well monitoring the No. side Woman Cr. 
below 903PadByans Pit Plume 
Plume Extent well monitoring IA Plume and Old 
Landfill Plume oathwav in Woman Cr. 
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18499 

18799 

20998 
2 1098 

Table 1-1 IMP Wells 

Semiannual PA IHSS 118.1 AL 

Semiannual PA IHSS 118.1 AL 

Semiannual DD Bldg 771 AL 
Semiannual PE IHSS 118.1 AL 

Plume Degredation well monitoring the IHSS 118.1 
plume 
Plume Degredation well monitoring the IHSS 1 18.1 
plume 
I D  & D Monitoring for Building 771 Complex 
IPlume Extent well monitoring the IHSS 1 18.1 plume 

near Woman Cr. 
Performance Monitoring for the French Drain 
Performance Montoring well monitoring effects of 
remediation downgradient of Trench T-3 
Performance Monitoring at edge of T3 soil 

40099 
, 40199 
~ 40299 

excavation 
Performance Monitoring well monitoring effects of 

AL/BD Semiannual DD Bldg 444 
Semiannual DD Bldg 444 AL/BD 
Semiannual DD Bldg 444 ALBD 

Hillside Plume 
D & D Monitoring for Building 444 Complex 
D & D Monitoring for Building 444 Comdex 
D & D Monitoring for Building 444 Complex 
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I 

70299 Quarterly 

70393 Quarterly 

70493 Quarterly 

75992 Semiannual 

76992 Semiannual 

77392 Semiannual 

90099 Semiannual 

90 199 Semiannual 

90299 Semiannual 

90399 Semiannual 

~~ ~~ 

Table 1-1 IMP Wells cont. 

PM Solar Ponds AL/BD Performance Monitoring of groundwater treatment 
system below Solar Ponds 

monitoring the edge of the PU&D Yard Plume 

the edge of the PU&D Yard Plume 
PE MoundlE Trench AL Plume Extent well monitoring So. Walnut Cr. 

Drainage below Mound Site Plume 
PE PU&DlLand fi I I AL Plume Extent well monitoring the eastward 

migration of the PU&D YardLandfill Plume 
PD Landfill AL Plume Definition well monitoring the eastward 

migration of the PU&D Yard Plume 
PA 903 PadlRyans Pit AL/BD Plume Degredation well monitoring the southern 

migration of the 903 PadRyan's Pit Plume 
PE 903 PadRyans Pit AL/BD Plume Extent well monitoring the southem 

migration of the 903 PadRyan's Pit Plume 
PE 903 PadlRyans Pit AL/BD Plume Extent well monitoring the southern 

migration of the 903 Pad/Ryan's Pit Plume 
PA 903 Pad/Ryans Pit AL/BD Plume Degredation well monitoring the southern 

migration of the 903 Pad/Ryan's Pit Plume 

RCRA PU&D AL RCRA upgradient Plume Definition well 

RCRA PU&D BD/UHSU RCRA upgradient/Plume Definition well monitoring 
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95 199 

95299 

00 100 
00 197 

Table 1-1 IMP Wells coni. 

Semiannual PM East Trenches AL 

Semiannual PM East Trenches AL/BD 

Semiannual DD Bldg 119 AL/BD 
Semiannual PE Old Landfill AL 

00200 
00297 

* .  , S . , J .  + i.* - 
‘ A  -* ). _ _  PURP-OW L ~ Y -  ::.I L- -iiI- 

Performance Monitoring of groundwater treatment 
system below East Trenches 

Semiannual DD Bldg IO1 AL/BD D & D Monitoring for Building 707 
Semiannual PD Solar Ponds AL Plume Definition well monitoring the southern 

00300 
00397 

00400 
00491 

00500 
00597 

I I I I [migration of the Solar Ponds Plume 
Semiannual DD Bldg IO1 AL/BD 
Semiannual PE PU&D AL 

Semiannual DD Bldg 116/111 AL/BD 
Semiannual PD 903 Pad BDIUHSU 

Semiannual DD Bldg 116/111 
Semiannual PD PU&DILandfill AL 

AL/BD 

00600 
00700 

Semiannual DD Bldg 116/111 AL/BD 
Semiannual DD Bldg 116/111 AL/BD 

00797 

00897 Semiannual Mound 

00997 Semiannual 

02 197 

0229 1 

- 
D & D Monitoring for Building 707 
Plume Extent well monitoring the PU&D Yard 
Plume 
D & D Monitoring for Building 776/777 Complex 
Plume Definition well monitoring the 903 Pad VOC 
Plume 
D & D Monitoring for Building 776/777 Complex 
Plume Definition well monitoring the 
LandfillPU&D yard Plume 
D & D Monitoring for Building 776/777 Complex 
D & D Monitoring for Building 776/777 Complex 
Performance Monitoring for 88 1 Footing Drain 
Sump 
IPerformance Monitoring on the Mound Source 
‘remediation 
IDrainage Well - below Pond B-4 in South Walnut 
Creek Drainage 

Plume . 

remediation 

Semiannual PE PU&D AL Plume Extent well monitoring the PU&D Yard 

Semiannual PM Mound BD/UHSU Performance Monitoring on the Mound Source 

02397 
02497 
02500 
0386 

Semiannual DD Bldg 719 AL D&D monitoring upgradient of Bldg. 779 
Semiannual DD Bldg 119 AL D&D monitoring downgradient of Bldg. 779 
Semiannual DD Bldg I19 AL/BD D&D monitoring downgradient of Bldg. 779 
Semiannual B Boundary BDAJHSU Boundary Well - in small drainage north of the east 
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FREQUENCY ‘%IEASS~ 
Semiannual PM 

East Trenches 

Boundary 

903 Pad 

MoundE Trench 

Bldg 771 

881 Hillside 

Landfill 

0609 1 

0649 1 

AL/BD 

BDAJHSU 

AL/BD 

AL 

NA 

AL 

BDAJHSU 
1 -  

IRCRAPlume Extent well monitoring downgradient 

07391 

Plume Extent well monitoring the northeast 
mitgration of the SEP Nitrate Plume 
Performance Monitoring of groundwater treatment 
system below East Trenches 
Performance Monitoring of groundwater treatment 
,system below East Trenches 
D&D Monitoring for Building 707 at foundation 

08091 

1nd.Area , 

Carbon Tet 
Carbon Tet 
Solar Ponds 

Bldg 707 
Solar Ponds 

Bldg 771 
Carbon Tet 

Solar Ponds 

Ind. Area 

Ind. Area 

Bldg 886 
Ind. Area 

Ind. Area 

Ind. Area 

Bldg 444 

77 1 FDOut# 
2 

89 1 COLWE 
L 

B206989 

drain access point 
Plume Extent well to monitor extent of Industrial 
Area plume pathway to Walnut Cr. 
Plume Definition well in the Carbon Tet Plume 
Plume Definition well in the Carbon Tet Plume 
Plume Definition well for the Carbon Tet. Plume 
D & D Monitoring for Building 707 
Plume Extent well monitoring the northern 
migration of the SEP Nitrate Plume 
D & D Monitoring for Building 77 1 Complex 
Plume Definition well for VOC contamination 
comming from Carbon Tet Plume 
Plume Extent well monitoring the northern 
migration of the SEP Nitrate Plume 
Plume Extent to monitor the eastward migration of 
IA Plume near Bldg. 88 1 
Plume Extent to monitor the southern migration of 
IA Plume near Bldg. 850 
D & D Monitoring for Building 886 
Plume Extent to monitor southern migration of IA 
Plume south of Bldg. 440 
Plume Definition of IA Plume south of 400 area 
along pathway to Woman Cr. 
Plume Definition of 1A Plume south of Bldg. 664 
along pathway to Woman Cr. 
D & D Monitoring for Building 444 Complex 

AL 

AL 
BD 

BDAJHSU 
AL 
AL 

AL/BD 
AL 

AL 

AL 

AL 

AL 
AL 

AL 

AL 

AL/BD 

B208289 

P209289 
P209389 

B208789 

Semiannual PD 
Semiannual PD 

ETP ef 

P2 18089 
P2 18389 

ETP in 

Semiannual DD 
Semiannual PE 

FD-707-4 

PI 14389 

P219089 
P2 19 1 89 

P2 19489 

P3 13589 

P3 14289 

P3 17989 
P4 16689 

P4 16789 

P4 16889 

P419689 

Semiannual 

Semiannual 

Semiannual DD 
Semiannual PD 

Semiannual PE 

Semiannual PE 

Semiannual PE 

Semiannual DD 
Semiannual PE 

Semiannual PD 

Semiannual PD 

Semiannual DD 

Semiannual 

Semiannual 

Semiannual 7 
Quarterly 7 T Semiannual 

Semiannual 7 
Semiannual 

Semiannual 

Semiannual 

Semiannual 7 
I 

P209489 I Semiannual I PD 

Solar Ponds 

Solar Ponds 

East Trenches 

East Trenches 

Bldg 707 

BDAJHSU 

AL 

NA 

NA 

NA 

remediation downgradient of Trench T-4 
Plume Extent well monitoring the northeast 
migration of the East Trenches Plume 
Boundary Well - in small drainage east of the Site ai 
Indiana St. 
Performance Monitoring well monitoring effects of 
remediation downgradient of Ryans Pit 
Plume Extent well monitoring the southern 
migration of Mound and East Trenches Plumes 
D&D Monitoring for B77 1 at foundation drain 
outfall 
Performance Monitoring of groundwater in 
collection well on 88 1 Hillside 

- - 
of Landfill Plume 
Plume Extent well monitoring the northeast 
miteration of the SEP Nitrate Plume 
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SW099 

SWlOO 

S W 13494 

Table 1-1 IMP Wells cont. 

system below Mound 

system below Present Landfill 

system below Present Landfill 

drain seeD below Bldg. 881 

Quarterly PM Landfill PM Performance Monitoring of groundwater intercept 

Quarterly PM PM Performance Monitoring of groundwater intercept Landfill 

Quarterly PM 881 Hillside NA Performance Monitoring of groundwater in footing 

I 1 ]system below Mound 
R2-E I Semiannual I PM I Mound NA IPerformance Monitoring of groundwater treatment 

Plume Definition (PD) Monitoring Wells 
These wells are located within known contaminant plumes and produce samples with contaminant concentrations 

which are above Tier I1 action levels, but are below the Tier I action levels established in the ALF. A value is 

reportable when a measured concentration is above all of the following: a Tier I action level, the background M2SD, 

and the M2SD of the historical concentration in the well. The required action is to reclassify the well as a Tier I 

reportable well and evaluate possible impacts to groundwater. 

~ 

Plume Extent (PE) Monitoring Wells 
These wells are located at the edges of known groundwater contaminant plumes, along pathways to surface water, 

and monitor for an increase in concentrations that may result in future impacts to surface water. A value is 

reportable if a measured concentration is above a Tier 11 action level and the background M2SD. When there is no 

historical data, or a value is greater than the M2SD of the historical concentration in a well at which there have been 

historical values above Tier I1 action levels, the required action is to initiate monthly sampling. Appropriate parties 

are notified and possible impacts to surface water are evaluated if contaminant levels are above action levels, by the 

above criteria, for three consecutive months. 

Drainage (D) Monitoring Wells 
These wells are located in stream drainages, downgradient of contaminant plumes. They have the same reporting 

requirements as PE wells under the IMP. That is, a value is reportable when a measured concentration is above the 

Tier I1 action level and the background M2SD. When there are no historical data, or a value is greater than the 

M2SD of the historical concentration in a well at which there have, been historical values above Tier I1 action levels, 

the required action is to initiate monthly sampling. Appropriate parties are notified and possible impacts to surface 

water are evaluated if values are above action levels, by the above criteria, for three consecutive months. 

1 - 17 
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e Performance Monitoring (PM) Wells 
These wells monitor the effect of a remediation or source removal action, as required in the ALF. If an increasing 

trend in the concentration of a contaminant is noted, then the appropriate parties are notified and an evaluation of the 

situation is initiated. 

RCRA Monitoring Wells 
These wells monitor downgradient groundwater contaminant concentrations at RCRA units. If the mean 

concentration of a contaminant in a downgradient well is greater than the mean concentration in upgradient wells 

and concentrations at the well show an upward trend with time, a report will be made to appropriate agencies and an 

investigation will be initiated to investigate possible causes. 

Plume Degradation (PA) Monitoring Wells 
These wells monitor the downgradient portions of groundwater plumes or plume sources to establish whether natural 

processes are degrading (also called attenuating) the nature and extent of the plume prior to affected groundwater 

entering the surface water environment. In areas where monitoring can document a plume degradation process, 

other remediation activities may not be necessary. These wells differ from plume extent wells in that the analyte 

suite may include parameters that focus on measuring the degradation process. Also, evaluations of data from these 

wells would not only include concentration of contaminants but also the breakdown products from these 

contaminants. If  significant plume degradation can be substantiated, then a non-remedial decision may be 

promulgated for the plume. 

1.3.3 Changes to the Groundwater Monitoring Program 

Additions to the Groundwater Monitoring Network 

Wells have been added to the Site monitoring network based on the results of groundwater evaluations and 

remediation activities. Plate 1 shows the locations of all existing monitoring wells at WETS. 

During 2000, D&D monitoring networks were established around Buildings 707 and 776/777, and an additional 

monitoring well was installed at the site of Building 779. Building 707 was a former plutonium production facility. 

Six monitoring wells were installed at Building 707 and are numbered 60499,60599,60699,61499,00200 and 

00300. Existing well P2 18089 is also utilized at Building 707. One footing drain outfall, FD-707-4, is also 

sampled. Five monitoring wells were installed at building 776/777 and are numbered 60299, 00400, 00500,00600 

and 00700. Building 776/777 was a former plutoniilm production facility. These projects are described in detail in 

Section 5.0 of this report. 

An investigation of the eastern extent of the PU&D Yard VOC Plume was conducted in 2000. Nine temporary 

wells were installed and were numbered 30 100-30900. One seep piezometer was also installed and is identified as 

SW00495. Based on the results of the investigation, VOC contamination was interpreted to extend slightly farther 

1 - 18 
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to the southeast than previously thought. Wells were also selected for investigation of plume degradation. These 

wells'are numbered 01097,30900,01497,70693 and 02097. This evaluation project is described further in Sections 

7.4 and 8.4 of this report. 

A plume degradation study was initiated to evaluate the extent of the 903 Pamyan's Pit VOC Plume. Five 

monitoring wells numbered 07391, 1187,90099,90399 and 11791 were sampled to help quantify the degree of 

plume degradation that is occurring. The results are described in Section 7.3 of this report. 

Removals from the Groundwater Monitoring Network 
Wells are proposed for removal from the Site monitoring network either because of improvements to the network 

(Le., new well installations noted above), or, because of well damage. 

Because of the new installations at the 903 PadRyan's Pit Plume, several poorly positioned wells have been 

removed from the network. These wells are numbered 23 196,2987, and 3087. 

The number of monitoring wells used for plume degradation of the IHSS 1 18.1 source was reduced. Wells 18299, 

18599, 18699 and 18899 have been removed from the program. Well 21098, which was installed for another 

purpose has been retained for use in the IHSS 1 18.1 investigation. 

Well 20998, initially installed for another purpose, is being monitored as part of the Building 771 D&D monitoring 

network. However, well 21098 is in a better upgradient location and it will be used instead of well 20998 for the 

D&D monitoring of Building 77 1. e 

1 - 19 
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ANALME SUITE 

RFCA 8488 Semiannual Drainage X X X X X X X 

7088 Semiannual INOld Landlin RFCA X X X X X X X 
1W98 Semiannual Bldo. 123 X X X X X X X X 

P F P A  Y Y X Y Y Y 

~~~ 

6585 Semiannual Drainage RFCA X X X X X X 

10294 I Semiannual 1 Boundaly I RFCA.AIP I X I X I x 1 x 1  I I I I I I I I 
10298 1 Semiannual I Bldg. 123 I 1 x 1  X I  1 x 1  X l X l  x 1 x 1  x I 

RFCA A I D  I Y I x I x 1 x 1  X I  Y I x I x I x I x I I I I I I I I I 

10398 Semiannual I Bldo.123 I X X X 

10592 Semiannual 1 881 Hillsue I RFCA. lMl1P.A -FD X X I X l X l  X X I  

x I X  X 
10488 Semiannual I Bmg.123 I X X X l X l X l  x I X  X 

X Y Y X l X l  x I X  X 

. 15699 1 Semiannual I Mound I I I I I I I I I I I I 
1 x 1  Y I Y 1 x 1  l Y l Y l  I X l X l  I I X I Y I Y I Y I  I Y I  

15789 I semfannual I Mound X I  X I  X I  X I  

18399 Semiannual IHSS 118 1 X 1 x  X X X X X X 
18499 Semennual IHSS 118 1 X X X X X X X X 
18799 Semiannual IHSS 118.1 X I X  X X X X X X 

Y Y X Y Y l X  X 

40299 Semiannual I Bug444 X X X X X X X 

40599 Semiannual Bug 771 X X x x  X X X X 

40399 Semiannual Bug 444 X X X X X X X 
40499 Semiannual BIQ 444 X X X X X X X 

Y Y Y Y Y Y Y 
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2.0 DATA SUMMARY FOR RFCA-DESIGNATED WELLS SAMPLED IN 2000 

2.1 Data Screening 

RFCA groundwater analytical data for 2000 were utilized to assess compliance with RFCA well classifications as 

set forth in the DQOs section of the IMP (DOE 2000). Because many well categories rely on Tier I or Tier I1 action 

level criteria to trigger further action, the Tier I1 action level criteria have been adopted for reducing the data set to a 

manageable size for presentation and discussion. 

Boundary, Drainage, Plume Definition and Plume Extent wells are presented in this section. Performance 

monitoring wells, which do not employ Tier I or Tier I1 action levels for determining a course of action, are 

discussed in Section 4.0. D&D monitoring wells are discussed in Section 5.0. RCRA monitoring well networks 

(not action level based), which in this 2000 Annual Report includes only the Present Sanitary Landfill, are evaluated 

in Section 6.0 using an upgradient to downgradient groundwater quality comparison approach. Plume Degradation 

wells from IHSS 1 18.1, the PU&D Yard and the 903 PadRyan’s Pit Plume are examined in Section 7.0. 

Table 2- 1 provides a collection summary of 2000 IMP well groundwater samples for 16 1 locations. Table 2-2 

provides a 2000 summary of 19 dry RFCA wells. Table 2-3 presents a summary of results for contaminants with 

concentrations greater than Tier I1 action levels. The Tier I1 values from Table 2-3 have been reported previously in 

the 2000 RFCA Quarterly Groundwater Monitoring Reports (RMRS 2000a, 2000b, 2001a, 2001b). Table 2-3 has 

been updated as needed to include data that was unavailable at the time the quarterly reports were written or when 

errors were found. Table 2-3 includes all IMP well classes, not just those discussed in this section. Tables 2-1 and 

2-3 are found at the end of Section 2.0. Trend plots for analytes discussed in this section (Figures A-1 to A-156) are 

found in Appendix A. 

a 

Plates 6 through 9 present summarized annual information by IMP well class and location for radionuclides, VOCs, 

water quality parameters and metals. Plate 6, Radionuclides in Groundwater, presents analytical results for 

americium, plutonium, strontium, tritium and uranium isotopes where at least one uranium isotope had a value equal 

to or greater than 8.0 picoCuriesLiter (pCdL). These analytes represent the principal radionuclide contaminants of 

concern at WETS. The 8.0 pCiL concentration was selected solely for the convenience of displaying a manageable 

number of locations on the plate. Plate 7, VOCs in Groundwater, presents analytical results for l , l , l-  

trichloroethane; 1,1,2-trichIoroethane; 1,1 -dichloroethene; carbon tetrachloride; chloroform; cis- 1,2-dichIoroethene; 

methylene chloride; tetrachloroethene; trichloroethene; and vinyl chloride. These VOCs represent the contaminants 

of concern that are most commonly found at WETS. A location is shown on Plate 7 if it had a result that was 

greater than a Tier I1 action level for any of the listed compounds. Plate 8, Water Quality Parameters in 

Groundwater, presents analytical results for fluoride, nitratehitrite, and sulfate where at least one value was greater 

2 -  1 



01 -RF-02 IO 7 
2000 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 

than a Tier I1 action level. Plate 9, Metals in Groundwater, presents results for any metal that exceeded its Tier I1 

action level. Thallium results from the 4’ quarter have not been included in Plate 9 because their high values have 

been judged to be laboratory artifacts. See the discussion below for details. 

As detailed in the 2000 Fourth Quarter Groundwater Monitoring Report (RMRS 200 1 b), a minimum of 15 sampling 

locations had analytical results above the Tier I1 action level for thallium that are considered by the Groundwater 

Program to be suspicious. The locations involved are 04991, 11891, 12191, 1386, 1786,22796,3586, 

891COLWEL, B206989, B208789, P209289, P209489, P3 17989, P416689 and SW13494. The results are thought 

to be spurious because at least ten of these locations had thallium results that were ten times any previous result. 

These thallium results are listed in Table 2-3 but are not discussed with the wells in the following subsections. 

In total, 1 I O  of 161 RFCA-designated monitoring wells had concentrations of one or more analytes above Tier I1 

action levels (Table 2-3). Nineteen of 161 RFCA-designated wells were dry and yielded no samples (Table 2-2). 

Historic trends of analytical values of contaminants of concern for selected Boundary, Drainage, Plume Definition, 

and Plume Extent wells are presented in Figures A-1 through A-156 (Appendix A). These contaminant trend plots 

depict organic compounds that exceeded Tier I1 action levels, as well as other analytes that exceeded both Tier I1 

action levels and background M2SD (Mean plus 2 Standard Deviations) concentrations. Background values for 

inorganics and radionuclides were adopted from the 1993 Background Geochemical Characterization Report (DOE 

1993b) with the exception of americium-241, plutonium-239/240, uranium-233/234, uranium-235, and uranium- 

238. Background values for these radionuclides were taken from the Draft Background Comparison for 

Radionuclides in Groundwater Report (DOE 1997a). Data were extracted directly from the Soil and Water Database 

(SWD) and/or the local groundwater database to calculate the Historic M2SDs for locations with analytes exceeding 

Tier I1 ALF criteria. The following subsections present a compilation of the data and information first provided in 

the CY 2000 quarterly reports. The decision rules that define the conditions under which values above action levels 

become “reportable” as described in Section 1.3.2 of this report. 
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PERFORMANCE MONITORING 

PLUME EXTENT 

PERFORMANCE MONITORING 

PERFORMANCE MONITORING 

Table 2-2 Dry RFCA-Designated Wells-Groundwater 2000 

2.2 Values Above Tier I and Tier II Action Level Criteria 

2.2.1 Boundary Wells 

Six IMP designated Boundary wells (0386,06491, 10294, 10394,41591, and 41691) were sampled in 2000. 

Boundary wells monitor groundwater leaving the eastern Site boundary through stream drainage channels. 

Reportable concentrations of nickel were detected in samples from well 4 159 1 in the 1 and 3rd Quarters of 2000 

(Figure A- 108). Nickel in 4 1591 was above the Tier I1 level, the background and historic M2SDs. Samples 

collected prior to 1999 were bailed and field filtered and analyses were performed for dissolved metals. Samples 

from the pump equipped well were typically not field filtered and were analyzed for total metals. The two 

reportable 2000 metals samples have values that are considerably higher than those analyzed prior to 1999 for either 
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total or dissolved nickel. The nickel concentrations in well 4 159 1, in terms of total metals, have remained high for 

the past year. Section 8.6 discusses metals anomalies in groundwater at RFETS. 

The uranium isotopes U-233/234 and U-238 were detected above Tier I1 action levels in all six Boundary wells. All 

of the uranium isotope analytical results were below the background M2SD benchmarks and are, therefore, not 

considered reportable values. Because these isotopes are naturally occurring, and naturally increase in a 

downstream direction, these values may be a reflection of natural processes. 

2.2.2 Drainage Wells 

Drainage wells are located in stream drainages at RFETS, downgradient of contaminant plumes. Five Drainage 

wells, 00997 (South Walnut Creek above Pond B-5), 38591 and 5587 (west Woman Creek), 6486 (central Woman 

Creek) and 6586 (east Woman Creek) were sampled in 2000. Well 5587 was dry during 2000. 

Nickel was reported above the Tier I1 action level and background M2SD for a sample collected from well 6486 in 

early 2000 (Table 2-3), which represents a reportable value. Well 6486 is cased with stainless steel. Figure A- 112 

shows that this result (529 pg/L) is the highest ever recorded at the well. A subsequent sample collected in January 

of 2001 (the well was dry through the middle of 2000) had a value of 129 p a ,  still a high result but consistent with 

values recorded in the past. See Section 8.6 for an evaluation of metal anomalies in groundwater. 

Uranium isotopes U-233/234 and U-238 were detected above Tier 11 action levels in Drainage wells, 00997, 38591, 

6486, and 6586. All of the uranium isotopic results were below the background benchmarks and, therefore, are.not 

reportable values. 

2.2.3 Plume Definition Wells 

Plume Definition wells are located within known plumes and contain contaminants in amounts that exceed the Tier 

I1 action levels. A reportable result occurs when contaminant concentrations exceed the Tier I action level (lOOx 

Tier 11). Eighteen Plume Definition wells were monitored during 2000; 903 Pamyan’s  Pit Plume wells (0049 1, 

2987, 3087,6286 and 6386), PU&D Yard Plume wells (00597 and 77392), East Trenches Plume wells (03991 and 

05391), 881 Hillside Plume wells (0487, P416789 and P416889), Carbon Tetrachloride Plume wells (P209289, 

P209389, P209489 and P219189), Industrial Area VOC Plume well 22896, and Solar Ponds Plume well 00297. 

Wells 2987 and 3087 were dropped from the program during 2000 because of poor location and well casing damage. 

As reported in Table 2-3, thirteen of these wells contained at least one or more contaminants that exceeded Tier I1 

action levels. 

903 Pad/Ryan’s Pit VOC Plume 
Wells 00491, 2987,3087, 6286 and 6386 are Plume Definition wells that monitor the 903 Padmyan’s Pit Plume (see 

also Sections 4.6 and 7.2). This plume is characterized by VOC contamination. Samples from well 00491 had 

results above the Tier I1 action levels for carbon tetrachloride (Figure A-I), methylene chloride (Figure A-2), 

tetrachloroethene (Figure A-3), trichloroethene (Figure A-4), uranium-233/234 and uranium-238, but all were below 
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their historic background M2SD benchmarks and, therefore, were not reportable. After generally declining in 

concentration from late 199 1 to mid- 1995, carbon tetrachloride, tetrachloroethene and trichloroethene concentrations 

stabilized from mid-1995 through the end of 2000. The methylene chloride trend analysis is complicated by 

significant contamination in the laboratory method blanks as determined in verification. 

Well 2987 was damaged when a malfunctioning submersible pump became lodged in the well casing and could not 

be removed. The lodged pump prevented further sampling. This well has since been removed from the program 

and wells located more favorably have been added. NO results greater than Tier I1 action levels were observed in 

well 3087 during 2000. The well was sampled in both the 2"d and 4* Quarters. Well 3087 has also been removed 

from the program because of poor location and has been replaced. 

Plume Definition well 6286 exhibited non-reportable amounts of carbon tetrachloride, selenium and uranium 

isotopes U-233/234 and U-238. The results were all below Tier I action levels but above the Tier I1 levels. The 

carbon tetrachloride results (Figure A-1 10) and uranium results were below the historic M2SD benchmark. Carbon 

tetrachloride concentrations have remained relatively stable in this well since 1994. Selenium concentrations, while 

near the historic M2SD level appear to be decreasing since a high in the first half of 1999 (Figure A-1 1 1). Well 

6286 was one of seven wells in the vicinity of the southern portion of the Industrial Area that contained elevated 

selenium during 2000. In general, the selenium concentration is above the background M2SD benchmark but within 

the historic M2SD for all the wells in this group except 6286. Well 23 196 has only one selenium result. Selenium 

in the other locations has remained relatively constant. 

Plume Definition well 6386 was generally dry; only one VOC and one nitrate sample were collected during the year. 

There were no results greater than Tier I1 for these analyses. 

PU&D Yard Plume 
Plume Definition wells 00597 and 77392 are located in the PU&D Yard Plume. Contaminants of concern in 00597 

are trichloroethene and nitratehitrite. Both contaminants were above their Tier 11 but below the Tier I action levels 

(Table 2-3). No historical M2SD data are available for this well. Trichloroethene in well 00597 equaled the Tier I1 

action level in the January 2000 sampling but fell back below the action level in September (Figure A-6). Since 

December of 1997 the nitratehitrite in 00597 has increased from 9 mg/L to 17 mg/L (Figure A-5). Elevated 

nitratehitrite concentrations are also present in well B206989 (39-44 mg/L) (Table 2-3). Plume Defmition well 

77392 was dry throughout all of 2000. 

New wells were installed in the PU&D yard area in late September of 2000. These wells are being used to assess 

plume degradation within the PU&D Yard VOC plume as discussed in Section 7.3. 
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0 East Trenches Plume 
Two Plume Definition wells (03991 and 05391) monitor the East Trenches Plume for VOCs. Well 03991 contained 

non-reportable concentrations of carbon tetrachloride (Figure A-13), and uranium-233/234 and uranium-238 that 

were above the Tier I1 action levels but below Tier I action levels. The carbon tetrachloride and uranium isotopes 

were below their respective historic and background M2SDs. The carbon tetrachloride trend plot shows that the 

concentration has remained relatively constant during 2000. 

Carbon tetrachloride (Figure A- 19), tetrachloroethene (Figure A-20) and U-233/234 and U-238 were present in well 

05391 at non-reportable concentrations that were above the Tier I1 but below the Tier I action levels. The VOCs and 

uranium isotopes were below their historic M2SDs (and background M2SDs for the isotopes). As shown in the 

trend plots, carbon tetrachloride and tetrachloroethene have increased over levels detected in 1999 but are within 

their historic ranges. 

See Sections 2.2.4 and 4.3 for additional discussion of East Trenches Plume wells. 

881 Hillside Plume 
Three Plume Definition wells (0487, P416789 and P416889) are used to monitor the 881 Hillside Plume. Well 0487 

contained carbon tetrachloride (Figure A- 14), methylene chloride (Figure A- 1 9 ,  tetrachloroethene (Figure A- 17), 

trichloroethene (Figure A-1 S), selenium (Figure A-16) and uranium-233/234 and uranium-238 that were above Tier 

11, but below Tier I action levels. Both the VOC and selenium results in 0487 were below their historic M2SDs and 

the uranium isotopes were below the background M2SDs. Except for the methylene chloride, which is 

compromised by method blank significant contamination as determined by validation, the VOC and selenium results 

for 2000 continue trends of decreasing concentrations established since 1994. 

* 
With a limited supply of water for sampling, Plume Definition monitoring well P416789 exhibited non-reportable 

uranium-233/234 that was above the Tier I1 action level but below the Tier I action level. Uranium-233/234 in this 

well was below the background M2SD benchmark. 

Plume Definition monitoring well P4 16889 contained non-reportable concentrations of methylene chloride, 

tetrachloroethene and uranium-233/234 that were below Tier I but above Tier I1 action levels. The April 2000 

methylene chloride concentration of 10 pg/L was twice the Tier I1 concentration but also associated with significant 

(verification) method blank contamination (Figure A-153). The November sample was a non-detect at much less 

than the Tier I1 level with no method blank contamination. These results do not give a clear indication of whether 

methylene chloride is increasing or decreasing in the well. The tetrachloroethene in P416889 was below its historic 

M2SD in both April and November (Figure A-154). The tetrachloroethene detections do not clearly indicate a 

decreasing or increasing trend. The uranium concentration was below its background M2SD. 

2 - 6  



01-RF-0210 7 
2000 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 

Carbon Tetrachloride Plume 
The Carbon Tetrachloride Plume is monitored by Plume Definition wells P209289, P209389, P209489 and 

P2 19 189. VOCs detected in these wells include carbon tetrachloride; 1,l -dichloroethene; cis-l,3-dichloropropene; 

and trichloroethene. Most of these constituents appear to be declining in concentration. 

Well P209289 was dry during the 2nd quarter of 2000 but was sampled during the 4Ih quarter. P209289 contained 

carbon tetrachloride, U-233/234 and U-238 at levels above Tier I1 but below Tier I action levels. These results were 

not reportable. The uranium isotope results were well below the background M2SD benchmarks. Except for a high 

result in 1995, carbon tetrachloride (Figure A-140) has decreased in general since sampling began in 1991. 

Monitoring well P209389 samples contained 1,l -dichloroethene and uranium-238 as non-reportable contaminants of 

concern. Two sampling events showed 1,l-dichloroethene to be above the Tier I1 but below the Tier I action level. 

Figure A- 14 1 shows that the 1,1 -dichloroethene concentration was within its historic M2SD range and has generally 

declined since sampling began in 1991. Uranium-238 was well below the background M2SD level. 

Well P209489 samples contained levels of carbon tetrachloride, methylene chloride, trichloroethene, nitratehitrite, 

uranium-233/234 and uranium-238 that were above the Tier I1 action levels. None of these analytes were above the 

Tier I action level so they were not reportable. All the analytes were below their historic M2SDs and in the case of 

nitratehitrite and uranium isotopes below the background M2SDs. Carbon tetrachloride (Figure A- 142) and 

trichloroethene (Figure A- 145) concentrations appear to be decreasing slowly although the' carbon tetrachloride 

results are erratic. Methylene chloride (Figure A- 143) is represented by samples associated with significant method 

blank contamination (one validation and one verification) so defining a trend is difficult. The nitratehitrite shows a 

general decrease (Figure A- 144). Overall nitratehitrite concentrations have declined since sampling began. As is 

typical, the uranium-233/234 and uranium-238 were below their respective background M2SD levels. 

a 

The 2000 contaminants of concern in Plume Definition well P2 19 189 are 1 , 1 -dichloroethene and uranium isotopes. 

The well provided limited amounts of water so sample aliquots for some analytes were limited. Results for the 

contaminants of concern were above the Tier I1 but below the Tier I benchmarks. The 1,l-dichloroethene 

concentration was below its historic M2SD (Figure A-146). Only one set of uranium isotope analyses are available 

for well P219189. The uranium results were close to but slightly above the background M2SDs. Figures A-147 

(uranium-233/234), A-148 (uranium-235) and A-149 (uranium-238), each containing only four data points, show 

that U-233/234 activity may be increasing slightly, U-235 activity may be decreasing and U-238 activity may be 

remaining constant. Uranium concentrations in well P2 19 189 are probably affected by its proximity to the Solar 

Ponds (see Section 4.2). 

Industrial Area VOC Plume 
Plume Definition well 22896 monitors the Industrial Area VOC Plume. When the First Quarter 2000 RFCA 

Groundwater Monitoring Report (RMRS 2000a) was written, well 22896 was still classified as a Plume Extent Well. e 
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The well was later reclassified as a Plume Definition well. The 1" quarter 2000 Plume Extent data have been 

reevaluated here, within the IMP Plume Definition class, and displayed as Plume Definition data in Table 2-3. The 

two 2000 trichloroethene results for well 22896 were above both the Tier I and Tier I1 action levels and thus were 

reportable. The well also contained non-reportable methylene chloride, tetrachloroethene, nickel and nitratehitrite. 

As illustrated in Figure A-88, the trichloroethene concentration in well 22896 has been increasing since 1999 

although currently it is still within its normal range. Because of the high trichloroethene concentration in well 22896 

it is difficult for the laboratories to analyze for VOCs with lower concentrations. Interpretation of methylene 

chloride and tetrachloroethene is difficult because of the resulting non-detections at high detection limits. 

Methylene chloride concentrations were above the Tier I1 action level in 2000 (Figure A-84). Both 2000 methylene 

chloride results are compromised by laboratory method blank contamination. The February contamination was 

significant, July was not as indicated by verification. Because the level of contamination of the blanks is relatively 

low with respect to the analytical results for 1999 and 2000, the methylene chloride concentration may have 

increased after the fourth quarter of 1998. The February tetrachloroethene analysis showed that tetrachloroethene 

was above the Tier I1 action level while the July analysis was a non-detection below Tier 11. The February detection 

for tetrachloroethene consisted of a "J" qualified result (22 pg/L) with a detection limit of 200 pg/L (Figure A-87). 

The July analysis and one in early 2001 did not detect any tetrachloroethene at detection limits of 50 pg/L and 12.5 

pg/L respectively. Tetrachloroethene does not appear to be a serious problem in well 22896. The 22896 nickel 

values were similar to those of 1999. The February sampling event recorded a value higher than the Tier I1 action 

level while the July sample was weil below (Figure A-85). Sampling technique may influence this apparent cyclic 

trend. (See the discussion of Metals Anomalies in Groundwater in Section 8.6 of this report.) The nitrate/nitrite 

results for 2000 in 22896 were both greater than the Tier I1 action level but below Tier I (Figure A-86). The nitrate 

concentration has decreased from the maximum value recorded in 1999 (1 5 mg/L). 

Solar Ponds Plume 
The southern margin of the Solar Ponds Plume, which consists of nitratehitrite and uranium isotopes, is monitored 

by Plume Definition well 00297. Well 00297 was dry during all 2000 sampling events. 

2.2.4 Plume Extent Wells 

Thirty-nine Plume Extent wells are used to monitor the various WETS groundwater plumes. These wells are 

discussed in relation to the specific contaminant plume they monitor. A few wells have dual monitoring purposes. 

In the well lists below, the secondary plume monitored by a specific well is noted in parentheses. The East Trenches 

Plume is monitored by wells 0409 1,0459 1,0499 1,0509 1,0609 1,0809 1 (plus Mound Plume), 101 94,75992 (plus 

Mound Plume) and 23296. Wells 1386,1786,3386, B208289, B208789, P218389 and P219489 monitor the Solar 

Ponds Plume. Plume Extent wells monitoring the Industrial Area VOC Plume include 10994 (plus the Old 

Landfill), 1986,2186,22596,22696,43392,6186,7086 (plus the Old Landfill), P114389, P313589, P314289 and 

P416689. The Carbon Tetrachloride Plume is monitored by wells 22796 and 3386 (plus Solar Ponds Plume). The 

903 Pad/Ryan's Pit Plume is monitored by wells 23096 and 23 196. Plume Extent wells 00397,02197 and 76992 are 
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used to monitor the PU&D YardfPresent Landfill. Plume Extent wells 4787,4887, and 5387 are used to monitor the 

88 1 Hillside. The Mound Plume is monitored by well 3586 (plus the Solar Ponds Plume). 

East Trenches Plume 
The East Trenches Plume is monitored by nine Plume Extent wells including 0409 1,04591, 0499 1, 0509 1, 0609 1, 

08091, 10194, and 23296. The ninth well, 75992, is located near the boundaries of the East Trenches and Mound 

Plumes and is, therefore, utilized to monitor contamination that may originate from either plume. As shown in Plate 

12, these wells are located along the outermost edge of the East Trenches Plume to monitor plume migration from 

potential source areas such as Trench T-3, Trench T-4, and the northeast lobe of the 903 PadRyan's Pit Plume. The 

East Trenches Plume Treatment System was completed in September 1999 and is designed to remove VOCs from 

groundwater flowing from the East Trenches plume. VOCs represent the primary constituents of this plume. 

Additional discussion of the East Trenches Plume can be found in Sections 4.3 and 8.5.1. 

Before discussing the VOC results for the East Trenches Plume, other analytes found in the East Trenches Plume 

wells will be discussed. As in 1999, well 08091 was dry during sampling visits. Samples from the eight remaining 

East Trenches wells had uranium-233/234 and uranium-238 analytical results that were above Tier I1 action levels 

but below the background M2SD benchmarks. None of the uranium isotopic results were reportable. Well 06091 

contained reportable chromium and nitratehitrite. The chromium and nitratehitrite results were above their 

respective Tier I1 action level and the background and historic M2SDs for the well (Table 2-3). Chromium in 06091 

increased dramatically in 2000 (Figure A-26). This may be because of the installation of a dedicated submersible 

pump and the associated change from dissolved to total metal analyses. Nitratehitrite data for well 06091 included 

one 2000 result above the Tier I1 level and a second below (Figure A-27). Samples from well 23296 included a 

single chromium result that was above the Tier I1 action level (Figure A-9 1). As the trend plot shows much lower 

chromium analyses preceded the October 2000 result. This high total chromium result is thought to be an artifact of 

the sampling technique used at this pump equipped well. 

VOCs in the East Trenches plume during 2000 were elevated in only two of the eight sampled Plume Extent wells 

(06091 and 23296). Well 06091 had two reportable carbon tetrachloride results that were above the Tier I1 and 

historic M2SDs for the well (Figure A-25). The April 2000 result (9 p a )  is the highest carbon tetrachloride 

concentration ever recorded at the well; the November 2000 sample is lower. Increasing concentrations of carbon 

tetrachloride in well 06091 may be because of continued eastward migration of the plume. 

Samples from well 23296 contained reportable concentrations of carbon tetrachloride; cis- 1,2-dichloroethene; 

methylene chloride; tetrachloroethene; and trichloroethene. These VOCs were above the Tier I1 action levels. No 

historic M2SDs are available for this well. The carbon tetrachloride concentration (Figure A-90) increased in the 1'' 

quarter of 2000 to its all-time high in the well (40 pa), then decreased sharply for the balance of the year. The cis- 

1,2-dichloroethene concentration in 23296 is erratic (Figure A-92). Methylene chloride (Figure A-93) increased to 

an all time high concentration in March 2000 (120 pg/L) and then decreased to below the Tier I1 level, although 

most of the reportable samples are associated with significant method blank contamination as determined by 

verification or validation. Tetrachloroethene (Figure A-94) and trichloroethene (Figure A-95) concentrations in 
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23296 increased to all time maximums in February (36 pg/L and 120 pg/L, respectively) and then decreased through 

the rest of 2000. Despite the VOC increases during 2000, all of these analytes have returned to concentrations that 

are similar to those prior to installation of the East Trenches Treatment System. Equilibration of groundwater 

elevation and chemistry in the vicinity of well 23296 was expected to take at least a year after the treatment system 

was completed. Because well 23296 is immediately adjacent to the East Trenches Treatment System, groundwater 

in the area was probably affected by ponding of accumulated surface and groundwater during construction. 

Concentrations of these VOCs are expected to decrease in future years as the effects related to installation of the 

treatment system wane. 

Solar Ponds Plume 
Plume Extent wells 1386, 1786, 3386, B208289, B208789, P218389, and P219489 are utilized for groundwater 

monitoring of nitrate and uranium isotope contamination associated with the Solar Ponds Plume. The wells are 

located at the edge of the Solar Ponds Plume, which primarily extends north from the Solar Ponds to North Walnut 

Creek, with additional minor groundwater pathways to the east and south toward South Walnut Creek (see Plate 12). 

Wells 3386 and P218389 were dry during 2000. Well B208789 had no reportable results except for a spurious 4" 

quarter thallium. Uranium isotopes are mentioned at the end of the subsection. During 2000, nitrate and metals 

were the principal contaminants found in samples from these wells, while no VOCs were reported at concentrations 

above Tier I1 action levels. 

Plume Extent well 1386 had three reportable occurrences of nickel in 2000 that were all above the Tier I1 action 

level, the background M2SD and historic M2SD (Figure A-57). The concentration began to rise irregularly in late 

1997 and generally continues to be higher than the concentration prior to late 1997. Well 1386 is part of a program, 

discussed in Section 8.6, to investigate potential effects of sample collection technique andfor well completion 

materials on nickel concentrations. 

Plume Extent well 1786 exhibited two reportable results for nitratehitrite and four for selenium during 2000. The 

nitratehitrite analyses were above the Tier I1 action level and background M2SD benchmark but below the historic 

M2SD for the well (Figure A-64). Nitrate concentrations are generally consistent. Three of the four selenium 

results were part of a sampling suite in which a sample was collected monthly for three consecutive months (Figure 

A-63). Selenium results from the monthly sampling are very consistent. The trend plot of these total metal analyses 

suggests an increasing trend in selenium that began in late 1998, which coincides with installation of a pump in the 

well and the associated shift from dissolved to total metal analyses. 

Plume extent well B208289 provided limited water during 2000. Nitratehitrite from the one available sample was 

above the Tier I1 action level and the background M2SD and was therefore reportable (Figure A-139). This result 

was less than the historic M2SD and well within its normal range. The nitrate concentration does not seem to be 

increasing. 

The nitrate concentration in Plume Extent well P219489 for two 2000 samples was above the Tier I1 action level and 

background M2SD (Figure A-150). There is insufficient data between 1991 and 1995 to calculate a historic M2SD 

for nitrate in the well. The December 2000 nitrate concentration was the highest recorded to date (57 mg/L), and as 
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a result, a suite of monthly samples were collected and will be reported in the Second Quarter 2001 Groundwater 

Report. Except for the December 2000 result, the nitrate concentration in this well is relatively steady. 

The four uranium isotopes commonly monitored at W E T S  were present above Tier I1 action levels in Solar Ponds 
0 

Plume Extent wells 1386, 1786, and B208789. None of the isotopic results for uranium were reportable because 

they were all below the background M2SDs. Uranium-233/234 and U-238 activities were above Tier I1 action 

levels in wells 1386, 1786, and B208789. Well 1786 also had U-235 activities above Tier I1 action levels. 

Industrial Area VOC and Carbon Tetrachloride Plumes 
Plume Extent wells monitoring the Industrial Area VOC Plume include 00197, 10994, 1986,2186,22596,22696, 

43392,6186,7086, P114389, P313589, P314289 and P416689. Wells 00197,7086 and 10994 also monitor 

potential groundwater contamination originating from the Old Landfill located on the hillside south of the Building 

130 and Building 400 complexes and north of Woman Creek. The Carbon Tetrachloride Plume (IHSS 118.1) is 

monitored by two Plume Extent wells, 22796 and 3386. Well 3386 also monitors the Solar Ponds Plume. Plume 

Extent wells 00197 and 3386 were dry during 2000. Plume Extent well 22596, which produced enough water for 

complete sample suites, did not contain any contaminants of concern. Well P416689 with limited water also did not 

contain contamination excluding a spurious 4* quarter thallium. 

As shown on Plate 12, the Industrial Area VOC Plume spans the middle of the Industrial Area in a north-northeast 

orientation. The plume migrates toward both Woman Creek and North Walnut Creek. Carbon tetrachloride, 

tetrachloroethene and trichloroethene are the primary contaminants. The distribution of these VOCs tends to be 

source-specific and non-uniform. There are no known inorganic and radiological groundwater plumes that coincide 

with the Industrial Area VOC plume. The Carbon Tetrachloride Plume lies within the north-central portion of the 

Industrial Area VOC Plume. It migrates in an easthortheast direction from its source and potentially toward North 

Walnut Creek. 

Samples from plume Extent well 10994 exhibited no VOCs above Tier I1 levels but did have two selenium results 

and one nitrate result that were reportable (see also discussion of uranium isotopes below) in that they were above 

their Tier I1 action levels. The 2000 selenium results were above the background M2SD but below the historic 

M2SD (Figure A-45). Although the data fluctuates, selenium may be declining slightly with time. The August 2000 

nitrate sample was above the Tier I1 action level and background M2SD (Figure A-44). Although the August nitrate 

concentration was the highest in several years, analyses from January 1995 through January 1997 have similar 

values. 

Plume Extent well 1986 had no VOC detections above Tier I1 action levels but exhibited two analytical results for 

manganese that were above their Tier I1 action levels. The total manganese analyses were above both the 

background M2SD and the historic M2SD for the well (Figure A-80). The manganese concentration seems to be 

increasing slightly in well 1986. Part of the increase may be because of the switch to total metal analyses associated 

with the installation of a submersible pump. 

Well 21 86 contained a single chromium result (Figure A-81) that exhibited the same characteristics of the spurious 

thallium results from the Fourth Quarter 2000 Report (RMRS 2001b). The chromium result was discounted in the 
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report because it was the highest total or dissolved chromium concentration ever recorded from the well. It did not 

fit the recent pattern for total chromium results. Subsequent analyses in 2001 will help determine whether the high 

concentration of chromium in the 4* quarter is an aberration. Except for the 4‘h quarter result, the chromium 

concentration appears to be low and relatively steady in well 2 186. 

Plume Extent well 22796 contained trichloroethene and chromium that were above Tier I1 action levels and were 

reportable. Trichloroethene concentrations show no clear trend (Figure A-83). Because the chromium analytical 

value from December 1999 was above Tier I1 (Figure A-82), a set of three consecutive monthly samples for metals 

were collected from this well. The four samples indicate that chromium in well 22796 is fluctuating. The first 

monthly chromium result, from May 2000, was similar to the concentration in December 1999 and was also above 

Tier 11. Subsequent 2000 chromium results (June, July and December) were below the Tier41 action levels 

regardless of whether dissolved or total analyses were performed. Sampling procedures at well 22796 may be a 

factor in these erratic analytical results for chromium. 

Plume Extent well 43392 had no VOC detections above Tier I1 levels but did have a single thallium result that was 

above the Tier I1 action level (Figure A-109). Unlike 4* quarter thallium results from other wells, this 3rd quarter 

analysis may be accurate. Because the result was below the background M2SD for thallium it was not reportable; 

however, it still was above the historic M2SD for the well. Continued sampling in 2001 will show whether this 

result indicates an increasing trend for thallium in well 43392. 

Plume Extent well P3 14289 had a single reportable nickel result from the 3rd quarter. This result was above the Tier 

I1 and background M2SD levels (Figure A-151). There is no historical M2SD for the well because of frequent dry 

conditions. The well P3 14289 trend plot for nickel, based on data from the four samples, suggests that the 
0 

’ concentration of nickel is increasing in the well. 

All analytical results for uranium isotopes from Plume Extent wells associated with the Industrial Area VOC and 

Carbon Tetrachloride Plumes were above the Tier I1 action levels but below the background M2SDs so they were 

not reportable. Wells 10994, 1986,22796,6186, P114389, P313589 and P416689 each had two results above Tier 

I1 for uranium-233/234 and uranium -238. Well 2186 had two uranium -233/234 analyses that were over Tier 11. 

Wells 22696 and P314289 had one uranium -233/234 and one uranium -238 above Tier I1 and well 7086 had two 

uranium -233/234s and one uranium -238 over Tier 11. Wells 22596 and 43392 did not have any uranium isotopic 

analyses greater than Tier 11. Uranium isotopes were the only analytes with results over Tier I1 for wells 22696, 

6186,7086, P114389, and P313589. 

903 Pad/Ryan’s Pit VOC Plume 
Potential migration of the 903 Padmyan’s Pit Plume toward Woman Creek is monitored by Plume Extent wells 

23096 and 23 196. Plate 12 illustrates the location of these welis in relationship to the distal end of the plume and 

Woman Creek. The plume is mainly composed of carbon tetrachloride from the 903 Pad area and trichloroethene 

from Ryan’s Pit. A more complete listing of individual 903 Pad and Ryan’s Pit plume contaminants is provided in 

the discussion of Plume Definition wells presented above and in Sections 4.6 and 7.2 of this report. e 
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No VOC, metal or water quality contaminants were detected above Tier I1 action levels in Plume Extent well 23096 

during 2000. The uranium isotopes U-2331234 and U-238 were detected above Tier I1 action levels in 23096, but 

both isotopes were below background M2SD levels so the results were not reportable. 

Plume Extent well 23 196 had a selenium and a nitrate analyses that were reportable because they were above Tier I1 

action levels and background M2SDs. The November 2000 selenium result was the first ever metal analysis 

performed because the well has historically produced a limited supply of water. A set of three consecutive monthly 

samples for metals was initiated in May of 2001, and a sample was collected, but during June and July the well was 

dry. The November 2000 (106 pg/L) and May 2001 (1 18 pg/L) selenium results are similar. The reportable nitrate 

concentration at well 23 196 was from the first sampling event in 2000; the second sample was back below the Tier 

I1 level (Figure A-89). The nitrate concentration in 23 196 does not appear to be increasing or decreasing 

significantly. 

PU&D Yard Plume 
Plume Extent wells 00397,02197 and 76992 monitor VOC contamination associated with the PU&D Yard Plume. 

The PU&D Yard Plume is an elongate feature south of the Present Sanitary Landfill that extends from the PU&D 

Yard on the west to well 02197 on the east (Plate 12). The primary plume contaminants consist of 

tetrachloroethene, trichloroethene and 1,l , l  -trichloroethane. Further discussion of the PU&D Yard Plume is 

presented in Section 7.3 of this report. 

Because of below average precipitation and groundwater recharge during 2000, the only PU&D Yard Plume sample 

collected was a single VOC sample in January from well 76992. The resulting VOC analyses did not contain any 

analytes above Tier I1 action levels. Wells 00397 and 02197 were dry throughout the year. 

881 Hillside Plume / Building 881 Footing Drain Sump 
Plume Extent wells 4787,4887 and 5387 monitor the extent of the 881 Hillside Plume. Well 5387 also monitors the 

Building 881 Footing Drain Sump (which is Performance Monitoring location SW13494). Wells 4787 and 4887 

were dry during both semiannual sampling events in 2000. Well 5387 was found to contain uranium isotopes U- 

233/234 and U-238 at concentrations that were above Tier I1 but below the background M2SDs, so they were not 

reportable. 

Mound Plume 
The Mound Plume is monitored by Plume Extent wells 3586 and 75992. Well 3586 also monitors the southeastern 

end of the Solar Ponds Plume. 

Plume Extent well 75992 had non-reportable results for uranium-233/234 and uranium-238. The results were above 

the Tier I1 levels but below the background M2SDs. 

In 2000, Plume Extent well 3586 produced samples containing vinyl chloride, manganese, uranium-233/234, and 

uranium-238 at concentrations that exceeded their respective Tier I1 action levels. The uranium isotopes were less 

than their background M2SDs and therefore were not reportable. The vinyl chloride and manganese results, because 

they were above background M2SDs, were reportable. The vinyl chloride, while above Tier I1 was well below the 
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historic M2SD for the well (Figure A-97). The vinyl chloride trend plot shows a definite decreasing trend in the 

well. The dissolved manganese results from this well (Figure A-96) are considerably above the background M2SD. 

The 2"d and 4th quarter 2000 manganese concentrations were also above the historic M2SD for the well, whereas the 

1'' and 31d quarter results were below the historic M2SD. The trend plot for manganese in well 3586 shows that the 

concentration before 1997 was relatively consistent, and slightly lower, than post-1997 data, which is also relatively 

consistent. 
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Table 2-1 Summary of Samples Collected - Groundwater 2000 e i tnior 

Blank indicates no sample attempted or required. 

S =Indicates location was successfully sampled. 
D = Indicates location WBS d r y  No samples collected at this location at this time. 

I = Indicates location produced insuflicient water for this analyte. Other samples were collected at the location. 

Da = Well is damaged and cannot be sampled. 

B = Well completely broken. Replaced by another well. 

N An =(Not Analyzed) Sample collected. analysis not performed. 
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Abbreviations 
MWL = miuiirams per leer 

PClA = pbcuries psr lisr 
TRt = First analytical run 
TR2 = Second analytical run. usually imp(ims dilution (also DLI. OIL) 
TRJ = Third analytical run. etc. 
UWL - miuogram per liter 

Lab OualUiers (note snaiyte group) 
B = analyts present in both sample and method blank (MB) (organ&) 

B = deteded concentration less than mntrad required detedion limit (CRDL) 
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1 = U n v a m a t m n v e M  memberofTFfI-TR2pair. 

Other pair member should te ValiatedNerified. 
(list in order from highest confidence to lowest) 

Yaliation is a more thomugh review of laboratoly 

package than veriRcatiin. 
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3.0 GROUNDWATER FLOW CONDITIONS DURING 2000 

Groundwater level data collected throughout calendar year 2000 were reviewed to determine whether significant 

changes in groundwater flow direction, flow velocity, and quantity have occurred within the upper 

hydrostratigraphic unit since 1996. Because it is the last year before the commencement of D&D activities, the 

1996 data set has been adopted as a sitewide baseline. In that regard, it will be used for assessing annual changes to 

the groundwater flow system during the remaining years of plant closure and post-closure monitoring. 

The data review included preparation of semiannual potentiometric surface maps, quarterly well pair linear flow 

velocity calculations, selected well hydrographs, and water level change maps. In addition, there is a discussion of 

the real time groundwater monitoring network, which includes 33 monitoring wells outfitted with downhole 

dataloggers that measure water levels simultaneously and several times each day in the wells. 

Comparison of the 2000 data to previous potentiometric surface maps (from previous Annual Reports) and historical 

water level trends presented in the individual well hydrographs provide a framework for identifying the type of 

potentiometric configurations, seasonal fluctuations, and long-term trends typically associated with pre- 1996 plant 

operations. 

3.1 Potentiometric Surface Maps 

Potentiometric surface maps of the Site (Plates 2 and 3) and of the Industrial Area (Plates 4 and 5 )  were constructed 

from water level data collected during the second and fourth quarters (April and October data, respectively) of 2000. 

The data utilized is from unconsolidated surficial deposits and selected weathered bedrock components comprising 

the UHSU. These maps provide information on groundwater flow direction and saturated extent that were used in 

the selection of well pairs for velocity calculations and definition of plume extent and migration. For map 

construction, it was assumed that well construction details, borehole logs, and water level measurements were 

accurate. When the measured depth to water was below the bottom of the well screen (in the case where a sump is 

present), the well was assumed to be dry. 

Maps constructed for the UHSU were based entirely on data from wells screened in surfkial deposits and weathered 

bedrock units (including the Arapahoe No. 1 Sand) thought to be representative of regional shallow groundwater 

flow conditions. For this reason, wells completed in perched alluvial groundwater zones, such as wells 50494, 

50694, and 51594, located in the West Spray Field, were not utilized for construction of potentiometric contours. 

Likewise, where well pairs show conflicting water level elevations, the well completion data was reviewed for the 

screened interval and depth to bedrock. The water level data most representative of the UHSU was selected for 

construction of potentiometric contours. Information on currently unsaturated alluvial areas and from previous 

UHSU potentiometric maps, particularly the 1993 maps (EG&G, 1994b), were used in the construction of the 

second and fourth quarter 2000 maps. Areas previously labeled as unsaturated were evaluated and reconfigured 

utilizing new monitoring well coverage (i.e., IA IWIRA, D&D wells) and the current water level data. Information 
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on seep areas was added to Plates 4 and 5 from the 1995 Hydrogeologic Characterization Report (EG&G, 1995b). 

The non-contoured areas on Plates 2 and 3 indicate areas where well coverage is insufficient or absent. Conceptual 

potentiometric contour refinements were made in areas with new well coverage such as the north IA and with 

respect to building foundation drain elevations. 

The configuration of the Site potentiometric surfaces, depicted on a 20-foot contour interval, generally matches the 

configurations depicted in previous Annual Reports. The configuration of the IA potentiometric surfaces, depicted 

on a 5-foot contour interval beginning with the 1999 Annual Report, were prepared to facilitate more detailed 

groundwater evaluations with respect to increased well coverage and the effect of building foundation drains on the 

potentiometric surface. In the future, the effect of certain building foundation drains may still be observed after the 

completion of Decontamination and Decommissioning (D&D) activities. If the drains are gravity flow in nature, 

they will continue to impact the water table even after a given building has been undergone D&D. This assumes 

that the below ground structures are left in place. In the case of a building where the foundation drain does not 

operate by gravity flow, but rather effluent is collected and pumped to a storage and/or treatment area, the water 

table should equilibrate to a relatively normal configuration after D&D activities cease and the active pumping 

systems are abandoned. 

Plant operations appear to have impacted groundwater flow patterns in areas where potentiometric contours deviate 

from ground surface topographic and/or bedrock surface topographic configurations. A prominent and persistent 

eastward distention of the 5980 through 6040-foot contour lines in the IA deviates significantly from the pattern that 

might be expected. The presence of this broad, mound-like feature within an industrialized portion of the Site 

suggests that a greater amount of groundwater recharge may be occurring in this area compared to other areas at 

WETS, situated to the north and south of the IA, which exhibit similar geologic conditions. Similar and slightly 

less prominent eastward distentions of the water table surface exist beneath and eastward of the Solar Ponds and the 

904 Pad903 Pad areas. These two areas would likely coalesce into one prominent continuing distention of the 

major one discussed above were it not for the effects of the low topographic elevation and foundation drains 

associated with Building 99 1. 

The convergence andor redirection of potentiometric contour lines in the immediate vicinity of Buildings 37 1/374, 

444, 771/774, 881, 883, 865, 886, and 991 suggest that foundation drains have localized yet pronounced impacts on 

UHSU groundwater flow in the IA. Compressed potentiometric contours on the maps, indicating a steeper hydraulic 

gradient in many of those areas, are associated with steep topography and/or building foundation drains. The most 

extensive area of non-topographically influenced steep hydraulic gradient exists in the western and north central PA. 

This area, including Buildings 37 1/374, 566, the northwest portion of 776, and the southeast portion of 77 1, presents 

a complex combination of artificial and bedrock controls on the UHSU potentiometric surface configuration. 

Unsaturated areas depicted on the 2000 maps were generally more extensive, especially for the fourth quarter, than 

shown on the 1996 and 1999 maps. This condition probably reflects the effects of improved sitewide well coverage 

and the fact that annual precipitation at WETS during 2000 was less than average. The fourth quarter 

potentiometric maps (Plates 3 and 5) indicate large unsaturated areas southeast and northeast of the IA. 
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3.2 Average Linear Flow Velocities 

Average linear groundwater flow velocities (seepage velocities) were calculated for 24 UHSU well pairs (where 

current data was available) located generally within and adjacent to the IA. Well pairs were selected based on flow 

directions derived from data depicted on the 1996 and 2000 potentiometric surface maps. The Darcy equation was 

used to calculate the seepage velocity (v): 

K 
n 

v = -(dh I dl) 

where: 

K = hydraulic conductivity 

n = effective porosity 

dwdl= hydraulic gradient 

Values for hydraulic gradient were calculated from quarterly water level measurements made between well pairs 

located along a groundwater pathway. These well pairs were chosen on the basis of their perpendicular orientation 

to potentiometriccontour lines. In some cases the data are not complete based on the fact that both wells 

constituting a pair are not necessarily visited for a water level measurement each quarter. Hydraulic conductivity 

values used for velocity calculations were derived from the geometric mean values reported for the Rocky Flats 

Alluvium, colluvium, and Arapahoe Formation sandstone (No. 1 Sand) presented in Table G-2 of EG&G (1995b). 

For each well pair, the K value chosen for the calculation was based on the predominant lithologic unit comprising 

the flow path between the wells. In the absence of measured values of n (effective porosity), a conservative value of 

0.1 is assumed based on its predominant usage in previous velocity calculations performed at WETS. 

It should be noted that the hydraulic conductivity values used for the Site for the Qrf (Rocky Flats Alluvium) and the 

Qvf (Valley Fill Alluvium) have changed since the 1999 RFCA Annual Report. The previously used data, presented 

in Table G-2 of EG&G (1995b), did not include data from approximately 40 additional aquifer tests performed in 

1995. These tests were performed only on the Qrf and Qvf; therefore, the geometric mean K values for the other 

water bearing formations listed in Table G-2 have not changed. The geometric mean hydraulic conductivity value 

for the Rocky Flats Alluvium has changed from 2.10E-04 cm/sec to 4.18E-04 cm/sec. The geometric mean 

hydraulic conductivity value for the Valley Fill Alluvium has changed from 2.54E-03 cm/sec to 9.197E-04 cm/sec. 

Only the change in the K value for the Rocky Flats Alluvium is pertinent to this discussion of linear flow velocities. 

Basically, the change in K for the Rocky Flats Alluvium, with all other parameters (i.e., hydraulic gradient, effective 

porosity) staying the same, amounts to doubling the velocity in cm/sec or ft/yr. With only order of magnitude K 

value changes being considered significant, this is a relatively minor change. 

Groundwater flow velocities can be used as estimates of the migration rates for conservative (Le., non-reactive) 

groundwater chemical constituents. Because they do not consider the effects of dispersion and chemical reactions 

(e.g., volatilization, biodegradation, dissolution/precipitation, and adsorption) on the concentrations of constituents 
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along a flow path, seepage velocities approximate only the unattenuated rate of migration for dissolved constituents 

in groundwater. Attenuated, volatile, biodegradable, or redox-sensitive species will likely exhibit migration rates 

slower than the average linear velocity of groundwater flow. Wells that are screened across different lithologies 

could also lead to contaminant migration rates that vary from the calculated average rates. 
0 

Large-scale changes in the hydraulic gradient caused by reconfiguration of the groundwater recharge and discharge 

regime during plant closure have the potential to impact groundwater flow directions and velocities which, in turn, 

can affect plume concentration, configuration, and movement. Although actual linear flow velocities between any 

given well pair are not known with certainty, changes in relative flow velocities, combined with potentiometric 

mapping and hydrograph analysis, can provide' some insight into plume dynamics and movement. Linear flow 

velocity calculations are sensitive only to the magnitude of the hydraulic gradient, because the assigned values of K 

and n are constant. Temporal analysis of relative linear flow velocities using 1996 as a baseline year is expected to 

compliment the other available assessment tools (potentiometric and water level change maps, hydrographs, plume 

extent maps, etc.) in monitoring contaminant plume migration toward surface water. 

As shown in Table 3-1, the calculated 2000 groundwater flow velocities for all formations ranged from a minimum 

of 29.0 feet per year (Wyr) between well pair P2 15789P218089 (4" quarter), located in the IA, to a maximum of 

454.0 ft/yr between well pair 3687/63395 (2nd quarter), located in the East Trenches area. The minimum value is 

associated with the Rocky Flats Alluvium. The maximum value is associated with the weathered (No. 1) sandstone 

of the Arapahoe Formation. The next highest value of 354.0 Wyr, calculated for the 4'h quarter of 2000 for well pair 

07291/07391, is associated with the 903 Pad area and groundwater velocity within the Rocky Flats Alluvium. 

Linear flow velocities for the Rocky Flats Alluvium ranged from 29.0 Wyr to 354.0 Wyr. The next highest velocity 

(at a different well pair) for groundwater moving through Qrf is 140.6 ft/yr. Linear flow velocities for the 

Quaternary colluvium (Qc) ranged from 5 1.6 Wyr to 193.6 ft/yr. In general, flow velocity ranges for the Qrf (except 

for the 354.0 Wyr) and the Qc are similar. 

Data from 2000 used to calculate linear flow velocities are more comprehensive than for 1996. Water level data for 

many well pairs were reported for only one quarter in 1996. Table 3-1 below presents only the second and fourth 

quarter h e a r  flow velocities because the data set for these quarters is more robust. As a result, the entire discussion 

in Section 3.0, as far as potentiometric and water level change data, is with respect to 2nd and 4lh quarter data. For 

well pairs that were represented by both 2nd and 4" quarter 2000 data, the flow velocities generally are consistent 

between both quarters. Only four well pairs had flow velocities that varied between quarters by more than 10 Wyr. 

In three of the four cases, the 4'h quarter velocity was the higher of the two, and all three of these cases involved the 

Rocky Flats Alluvium. The fourth case, in which the 2nd quarter flow velocity was the higher, involved the 

Quaternary colluvium. This variation is a response to moderate changes in hydraulic gradient from quarter to 

quarter, and may be a result of the amount and distribution of precipitation with respect to time. 

As stated in the 1999 Annual Report, well pair 3687/63395 is a replacement pair for well pair 3687/60295. Well 

60295 was de'stroyed during construction of the East Trenches Groundwater Intercept System. Linear velocity * 
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values for well pairs 3687/60295 (historic) and 3687/63395 are exceptionally high because of the weathered 

sandstone (K = 7.88E-04 cmlsec) in the East Trenches area. Small changes in water levels between the well pairs 

combined with the hydraulic gradient, which is more a result of topography, result in the high velocity currently 

observed for the 2"d quarter, and for the high historical variations in velocities between quarters. Well pair 

3687160295 changed 47 Wyr between the second and fourth quarters of 1998 and well pair 3687163395 changed 41 

Wyr between the second and fourth quarters of 1999. Despite these seemingly large changes, they still represent 

less than a 10 percent change between quarters. 

e 

In general, velocities for the 24 well pairs vary by less than 10 percent when comparing a given well pair and quarter 

in 1996 versus 2000. The following exceptions occurred. For well pair P313489/6186 in the south central IA, the 

2000 flow velocity for the 4* quarter is 24 percent lower than the 4'h quarter 1996 velocity. For well pair 1987/3586 

in the Mound Site area, the 2000 flow velocity for the 41h quarter is 19 percent lower than the 4' quarter 1996 

velocity. This may be a result of the installation of the Mound Site Plume Treatment System. For well pair 

P2 18389/B208089, immediately northeast of the Solar Ponds area, the 2000 flow velocity for the 2"d quarter is 1 1 

percent lower than the 1996 velocity data. It is interesting to note that the major changes in flow velocities when 

comparing 1996 and 2000 are in well pairs located in or immediately downgradient of the IA. This phenomenon 

may be expected in the IA  versus the Buffer Zone because of all the artificial features associated with the I A  

(building drains, pavement, piping and utility corridors, etc.), and the ongoing changes to these features during Site 

closure. Velocities reported for 1996 through 2000 are generally higher than velocities reported in pre- 1996 annual 

RCRA groundwater monitoring reports largely because sitewide mean K values are now employed in the 

calculations instead of the individual Operable Unit mean K values that were used in the past. e 
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Table 3-1 Linear Flow Velocities 

P416689 1 I 

5901.13 3.88 

5941.91 15.87 

594 I .OS 17. I9 

5885.18 65.81 

5895.49 10.67 

5895.02 ND 

5893.88 12.23 

5893.5 12.31 

5892.24 21.16 

5917.17 14.39 

5915.55 17.53 

5997.76 17.52 

5982.19 14.45 

S9RO81 14.32 

No data in '00 ND 

No data in '00 ND 

5982.31 6.52 

5982.9 5.06 

5991.74 9.4 

5990.86 8.08 

No data in '00 ND 

No data in '00 ND 

No data in '00 ND 

No data in '00 ND 

6006.76 19.05 

6006.9 19.3 

-1223.0 ND 4.18E-04 O.1 ND ND 

1223.0 ND 4.388-04 0.1 ND ND 

~ 

593.6 0.0321 4.18E-04 0.1 1.348-04 138.8 

593.6 0.0325 4.18E-04 0.1 1.36E-04 140.6 
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I 

I 
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- 
0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0. I 

0.1 

0. I 

0.1 

0.1 

0. I 

0.1 

0.1 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 

- 
0.1 

- 
0.1 

0.1 

0.1 

0.1 

0.1 

- 
- 
- 
- 

- 
0.1 

- 
0.1 

- 
0.1 

- 
0.1 

3.57E-05 36.9 

3.41E-05 35.3 

8.958-05 92.6 

9.28E-OS 96.0 

1.51E-04 155.7 

ND ND 

ND ND 

ND ND 

N D  ND 

ND ND 

ND ND 

ND ND 

4.99E-05 5 1.6 

5.20E-05 53.8 

3.61E-05 37.4 

2.80E-05 29.0 

5.50E-05 56.9 

4.73E-05 48.9 

ND ND 

ND ND 

ND ND 

ND ND 

1.34E-04 138.8 

1.36E-04 140.6 

- 
3.57E-05 36.9 

3.41 E-05 35.3 

I 

8.95E-05 92.6 
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Table 3-I Linear Flow Velocities (continued) 

Mound 

SE Buffer Zone 

SE Buffer Zone 

Solar Pond 

Solar Pond 

Solar Pond 

Solar Pond 

Solar Pond 

Solar Pond 

Solar Pond 

Solar Pond 

2 5890.42 

4 dry 

2 no data in '00 

4 5973.32 

2 5941.24 

4 5940.8 1 

2 597 1.3 

4 5971.68 

2 5944.52 

5790.24 

5790.3 

dry 

dry 

No data in 'OC 

No data in 'OC 

Dry 

D V  

5923.85 

--zpz+- 5923. I 

- 
100.2 

ND 

ND 

ND 

ND 

ND 

ND 

N D  

20.67 

- 

620.9 0.1613 9.338-05 

620.9 ND 9,.33E-05 

569.2 ND 4.18E-04 

569.2 ND 4.18E-04 

41 1.5 ND 9.33E-05 

41 1.5 ND 9.33E-05 

436.9 N D  4.1 8E-04 

436.9 N D  4.18E-04 

386.4 0.0535 9.33E-05 

ND = no data 

3.3 Well Hydrographs and Water Level Change Maps 

Hydrograph plots for many RFCA water quality wells have been constructed in order to observe changes in water 

table elevation with time and are contained in Appendix C. In addition to illustrating seasonal fluctuations in water 

table elevation, hydrographs are useful for evaluating trends that might result from either artificial activities (plant 

closure) or natural causes (climate change). For example, a comparison of IA well hydrograph data to background 

well hydrograph data may suggest whether any of the observed trends are naturally or artificially induced. 

Assuming that groundwater levels within WETS have reached a steady state condition since the cessation of 

production operations in 1989, it is conceivable that plant D&D activities are disrupting this condition and causing 

local water levels to rise or fall, depending on the closure action. These changes in water level elevations will be 

evaluated in future years using annual water level change maps that will be based on water levels collected during 

the 1996 baseline year. 

Water levels measured during 2000 were, for the most part, observed to fluctuate within previously observed ranges. 

Some wells, including recharge-sensitive wells such as 2069 1,4286, 12 191, B200889, and P4 16689, exhibited 

recharge peaks during the spring season that were less prominent than those observed in I999 and 1998. In general, 

for all site wells, water levels were higher during the first half of 2000 compared to the second half, based on 2"d 

versus 4* quarter data. Overall, water levels were similar in 2000 to the levels observed in 1996, which were higher 

than average and were thought to reflect the residual influence of the record high water levels experienced in 1995. 

Sitewide precipitation data from 1995 through 2000 indicates that precipitation was very high in 1995 (21.6 inches), 

1996 produced near average precipitation (14.4 inches), 1997 produced below average precipitation (1 3.8 inches), 

1998 produced near average precipitation (1  4.4 inches), 1999 produced above average precipitation (1 7.8 inches), 
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and 2000 produced below average precipitation (12.3 inches). The mean annual precipitation for the Site is 14.5 

inches (EG&G, 1995b) and the annual precipitation figures for the' Site, referenced above, were obtained from the 

Site meteorological station and reported in the WETS DOE Radionuclide Air Emissions Annual Reports for 

calendar years 1995 through 2000. The continuing trend of average to slightly higher than average UHSU water 

levels may be based on recurrent higher than average precipitation (except for 1997 and 2000), providing ample 

groundwater recharge, since 1995. The sitewide scale of this trend implies that climate is the dominant cause of 

water level changes during 2000. 

Water level change maps (Plates 10 and 11) were prepared utilizing the difference between 2000 and 1996 water 

levels at wells that had water level measurements in common for the two years. These data are used to compare the 

2000 potentiometric surface for the second (April data) and fourth (October data) quarters to the 1996 

potentiometric surface for the corresponding quarters. The water level change maps indicate areas of the site where 

changes in saturated thickness, either positive or negative, have taken place between the 1996 base level year and 

the current year (2000). It is important to keep in mind that wells that have been purged for sample collection a 

short time prior to the water level measurement, and have a slow recharge rate, can reflect an artificially large 

discrepancy in water level change from 1996 to the year of the current RFCA Annual Report. 

Second Quarter 1996 compared to Second Quarter 2000 
The water level change map for comparing the second quarters of 1996 and 2000 (Plate I O )  generally shows no 

change to slightly positive change in the IA, indicating static to slightly higher water levels during 2000, as 

compared to 1996. Exceptions to this within the IA are a localized area of strongly negative water level change (-5 

feet) observed immediately east of the Solar Ponds, possibly because of closure of the Solar Ponds, and, an area of 

moderate negative water level changes (> -1 foot) observed in the vicinity of Building 88 1. The area of negative 

water level change immediately east .of the Solar Ponds extends to the northeast through the A- and B-Ponds 

drainages. In addition, an area south and east of the 903 Pad shows negative water level change of up to two feet. 

The West Spray Field shows a slight positive water level change that may be a lingering result of ample 

groundwater recharge from the high precipitation experienced during 1999. The background area north and west 

(upgradient) of the Present Landfill shows positive (+2 feet) water level change. Localized areas of high positive 

water level change are found south of the three storage tanks (MSTs), north of the North Perimeter Road, and north 

of Building 991. 

0 

Fourth Quarter 1996 compared to Fourth Quarter 2000 
The water level change map comparing the fourth quarters of 1996 and 2000 (Plate 11) shows that, in general, there 

is a zero or slightly negative or positive change (< +1 to < -1)  throughout the IA. The northwest (Building 3711374) 

and north central (Buildings 776/777 and the 77 1 complex) portions of the PA exhibit generally positive water level 

change during 2000, as compared to 1996. Between these two areas and in the east central (Solar Ponds area) 

portion of.the former PA, there is essentially no change in water levels comparing 1996 to 2000. The southern half 

of the IA exhibits generally no change to slightly negative change during 2000, as compared to 1996. The area 

north and west (upgradient) of the Present Landfill shows generally negative water level change, in contrast with the 
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2"d quarter map, with an area in the vicinity of the PU&D Yard exhibiting change greater than -2 feet. The Walnut 

Creek and Woman Creek drainages generally show subtle positive or negative water level change with localized 

areas of appreciable water level change. A high positive change (> +3 feet) is observed northwest and northeast of 

the TI 30 trailer complex, as well as positive water level change for the rest of the West Spray Field. This is 

probably a lingering result of ample groundwater recharge from higher than average precipitation during 1999. 

The variations in water levels and linear flow velocities are probably in response to the timing of water level 

measurements with respect to natural recharge (precipitation), artificial recharge, or artificial dewatering events. 

Artificial events may involve recharge or dewatering related to construction, demolition, onsite industrial processes, 

water line leaks, monitoring well sampling, and building perimeter drain activity or inactivity. The 1996 data set 

will represent the baseline for future annual water level change evaluations. 

In summary, groundwater flow conditions for 2000 appear to generally resemble flow conditions described for 

recent years with slight variations depending on the location within RFETS. This situation is not unexpected 

because closure activities undertaken to date have been minimal and the relative impact to the UHSU is probably 

negligible except in some localized areas. Positive water level changes observed west of the IA may be the result of 

consistently higher than average precipitation recharge to those areas from 1995 through 2000. Localized areas of 

positive water level change in the vicinity of the IA may be a result of leaking water lines. 

3.4 Real Time Groundwater Monitoring Network 

As a requirement of the RFETS Integrated Monitoring Plan, a real time water level monitoring network was 

established for the UHSU during 1998, and expanded during 1999. The network currently consists of 33 monitoring 

wells outfitted with downhole In-Situ Inc., Model SP4000, Troll@ data loggers. The 33 monitoring stations were 

chosen for the program based on location, historical groundwater occurrence at each location, stratigraphic 

completion interval, and monitoring well construction details. The network provides for frequent simultaneous 

measurement of groundwater levels at all locations. The goals of the real time groundwater monitoring network are 

to provide ample, concurrent, water level measurements for environmentally or hydrogeologically sensitive areas of 

RFETS, such as beneath and downgradient of the IA, and along stream channels to the north, south, and east of the 

IA. These data, when used alone or in conjunction with W E T S  surface water data, allow a greater understanding of 

the effects of precipitation and surface water infiltration events on the UHSU. 

The Troll@ is a compact downhole instrument that contains a data logger, temperature sensor, pressure transducer, 

and battery in a self-contained watertight unit. The transducer is vented at the surface so as to negate the effects of 

barometric pressure changes. The Troll@ measures and records temperature and'temperature-corrected water level 

and allows for unattended long-term monitoring. It is programmed and downloadqd with a portable computer. In- 

Situ Inc.'s Win-Situ@ software allows the user to communicate with the Trolls@ in order to program a variety of 

short-term tests, program a long-term monitoring scheme, or download data without withdrawing the unit from the 

monitoring well. 
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Currently, each of the Trolls@ is programmed to measure the water level every four hours; twelve A.M., four A.M., 

eight A.M., twelve P.M., four P.M., and eight P.M. As shown on Plate 13 and Figure 3-1, monitoring wells utilized 

for the real time groundwater-monitoring network are located to provide sitewide coverage with additional specific 

coverage in the IA, immediately east (downgradient) of the IA, and in the north Buffer Zone. In addition, locations 

were chosen to monitor water levels in colluvial, alluvial, and weathered bedrock (pediment surface) deposits within 

the UHSU. The arrangement of Trolls@ throughout RFETS will allow observation, simultaneously across the-site, of 

the impact of a precipitation infiltration event on the UHSU. The location of the Trolls@ within the various 

sedimentary depositional environments and weathered bedrock which comprise the UHSU will allow for a better 

understanding of the relationship between groundwater and surface water at various locations around W E T S .  

The monitoring wells currently included in the real time groundwater-monitoring network are 0 186, 1086, 3686, 

3986,4786,5586,6886,0187, 1487, 1587,4287, PI 14889, PI 15489, PI 19389, P209889, P213689, P414189, 

P415889, P416589, B200589, B200889, B210489, 1190,03791,05191,20691,20991,37591,77492,05293, 

10794, 11494, and 51494. 

A 

Data presented on Plate 13 is from calendar years 1999 and 2000. Data downloaded from the real time monitoring 

network for CY 2000 is complete. There are certain wells from which CY 1999 data are incomplete. During 1999 

all real time groundwater-monitoring stations were brought into compliance for year 2000 (Y2K) computer issues. 

Monitoring wells 77492, 10794, 6886, and 51494 inadvertently had some early 1999 data deleted from them while 

uploading the Trolls@ with new Y2K compliant In-Situ, Inc. firmware. Monitoring wells 2099 1 and 4786 initially 

had Trolls@ installed during 1998 beneath a water column of greater than 34.5 feet. This exceeded the 15 pounds 

per square inch (psi) pressure rating of the transducer diaphragms. This was remedied by raising the Trolls@ in the 

wells so that the water column exerted less than 15 psi. These are the only two wells in the real time groundwater 

monitoring system that could be affected by this pressure phenomenon. 

Data presented in the 2000 Annual RFCA Groundwater Monitoring Report from the real time groundwater- 

monitoring network has been analyzed for the period of January 1999 through December 2000. Two full yearly 

cycles of water level fluctuations and precipitation data are displayed, allowing for the following analysis and 

discussion. The eight wells added to the program in 1999 (Figure 3-1) were outfitted with Trolls@ during February 

and March of 1999. These Trolls@ will have slightly less than a year of data recorded for CY 1999. Plate 13 

presents the 33 monitoring locations with a hydrograph of the groundwater elevation data collected from each 

station. Superimposed on each hydrograph is precipitation data from the nearest RFETS surface water station that 

contains a rain gauge. As stated above, CY 1999 was a year of above average precipitation (17.8 inches); CY 2000 

had below average precipitation (1 2.3 inches). 

The following are general observations made from the first full two years of real time groundwater monitoring data 

from the entire network: 

The hydrographs indicate that responses to precipitation events and subsequent groundwater recharge are varied 

and dependent on the location of the individual well at RFETS. 

3 -  11 



01-RF-02107 
2000 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 

0 Wells located in the Buffer Zone, with a few exceptions, exhibit baseflow without the anthropogenic effects of 

the IA, and show relatively little or no response to below average 2000 precipitation as compared to well above * average 1999 precipitation. 

0 Wells located in the IA, with a few exceptions, exhibit a much greater response to the below average 

precipitation that occurred during 2000 than Buffer Zone wells, and show more irregularities in their 

hydrographs that are attributed to anthropogenic causes. 

Wells located in or adjacent to streambeds are the most sensitive to precipitation with'respect to groundwater 

recharge response time and also graphically show the effects of evapotranspiration, or lack of 

evapotranspiration, depending on the season. 

The following are specific observations made from the first full two years of real time groundwater monitoring data 

from the entire network: 

Hydrographs from the series of Buffer Zone wells trending from the southwest to the northeast along the pediment 

surface west and north of the IA are thought to reflect in situ groundwater baseflow conditions without the 

anthropogenic effects of the 1A. These wells include 11494, 51494,4786, 1190, B200589, and B200889. In 

addition, well 5586, located southwest of the IA, probably exhibits the same sort of background baseflow. 

Generally, these wells show a high water level achieved during the spring or summer of 1999 because of the high 

precipitation during 1999. Most show minimal spring responses to precipitation that occurred in 2000 compared to 

their 1999 hydrographs. Four of these wells, 11494, 5586, 5 1494, and 4786 are located in the portion of the site 

where much of the alluvial groundwater recharge takes place. Comparing the results of these wells to the IA wells 

will allow a better understanding of various facility specific effects on the individual well responses to recharge or 

dewatering events. 

Wells in the IA (including the PA), of which there are 12 with Trolls@, generally exhibit baseflow, including a 

relatively high overall response to the less than average precipitation of 2000, superimposed with acute responses to 

individual precipitation events. The one exception to this is well P114889, located in an extensive asphalt parking 

lot just southeast of the southwest comer of the PA, which exhibits general baseflow curves with no apparent 

responses to individual precipitation events. It  is situated between two wells with Trolls@, P119389 and P115489, 

which exhibit marked responses to individual precipitation events. Curiously, two of these wells, P114889 and 

P119389, actually show a larger overall response to 2000 annual precipitation than the much greater 1999 annual 

precipitation. Another unusual hydrograph is from well P209889, located on the vegetated hillside just north of the 

SEPs, which exhibits a very slight baseflow decline between 1999 and 2000 with very minor individual precipitation 

event responses. The well maintains a relatively high water level all year. It also shows the drawdown effects of 

three sampling events at the end of 1999 and the first half of 2000. Monitoring well 05293, located in the PA 

downgradient of Building 707, shows groundwater elevation fluctuations that are dissimilar to any other well in the 

IA. This may be because the well lies in the downgradient shadow of the Building 707 foundation drain. The 

hydrograph from well 05293 appears more like a hydrograph from a well adjacent to a streambed. Well 01 87, 0 
I 
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located on the hillside immediately southwest of Building 881 shows the greatest and most immediate response to a 

precipitation event of any well other than those adjacent to a streambed. The grassy area to the north and east 

encompassing this well and Building 881 is regularly watered, as is the Building 850 lawn, which may account for 

the unusual recharge spikes observed on the hydrograph. 

Wells in or immediately adjacent to streambeds (wells 4287, B210489, 3686, 10794,0186, and 6886) exhibit an 

almost immediate, although varying in magnitude, response to precipitation events. Four of the near stream wells, 

4287, B210489, 0186, and 6886 show a sustained, relatively high water table elevation for the fall, winter, and mid- 

spring of 1999-2000. During this period there was relatively low precipitation. The response in these wells 

probably reflects the lag time resulting from a gaining stream receiving groundwater recharge from ample 

precipitation during 1999, combined with low watershed evapotranspiration during the cooler time of year 

encompassing late fall through early spring. Monitoring wells 10794 and 3686 did not exhibit this phenomenon. 

Well 10794, downstream of the A- and B-Ponds, exhibits distinct responses to discharges from Ponds A-4 and B-5 

superimposed with minor responses to precipitation events. The area immediately adjacent to well 3686 was 

undergoing maintenance of a pipeline that extends from the Sewage Treatment Plant to Pond B-3 during mid- 

September 1999 through early March 2000. The area was being dewatered for construction purposes and effectively 

dewatered the material that the well is screened in during that time period. 

Wells located east ofthe IA (wells 03791,20991,20691, 1587, 05191and 3986) generally exhibit baseflow 

conditions with little or no response to individual precipitation events. These wells, except for 2069 1 and 1587, 

show a relatively smooth decline in water level during the last six months of 1999 with almost no response to year 

2000 precipitation. Well 20691, located just southeast of the southeast comer of the PA, and well 1587, located due 

east of the 903 Pad, exhibit the general 1999 trend but show a marked overall response to 2000 precipitation with 

individual precipitation event responses superimposed on the baseflow for years 1999 and 2000. The hydrographs 

for wells 20691 and 1587 are strikingly similar. Well 20691is screened in a buried paleochannel, which may 

account for its increased sensitivity to groundwater recharge. Well 1487, located approximately 850 feet southeast of 

the 903 Pad, exhibits a sustained, relatively high water table elevation for the fall, winter, and mid-spring of 1999- 

2000. During this period there was relatively low precipitation. This UHSU well is screened entirely in weathered 

Arapahoe/Laramie sandstone and siltstone. This material exhibits a moderately lower hydraulic conductivity than 

alluvial and colluvial materials which would be found along the hillside north of the well. The lower hydraulic 

conductivity at this location may be responsible for the fact that the water table stays at a relatively high elevation. 

Groundwater coming down the hillside through more permeable materials probably slows down as it gets into the 

weathered bedrock; the slower draining bedrock effectively backing up the water and causing the water level to 

remain high through the dry portion of the year. 

Well 1086, located immediately upgradient of the Present Landfill, exhibits an approximately one-week response 

time to precipitation events. This well does not fit into any of the previously discussed groups of wells in the real 

time monitoring network. Its response to Site annual precipitation is most similar to the majority of wells located in 

the 1A; it exhibits the higher response to the less than average precipitation in 2000. This may be a response to the 
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location of the well with respect to the Present Sanitary Landfill. Groundwater mounding at the upgradient end of 

the landfill, which may be caused by the groundwater diversion structures in this area (slurry wall and/or 

groundwater intercept system), may increase the sensitivity of this well with respect to precipitation. 
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@ 4.0 PERFORMANCE MONITORING 

Performance monitoring refers to monitoring the effect(s) f a  remediation system or source removal action, a 

required in the ALF. If an increasing trend in the concentration of a contaminant is noted, then the appropriate 

parties are notified and an evaluation of the situation is initiated. 

4.1 Mound Plume 

4.1 .I Mound Plume/SW059 Remediation System 

The Mound Site is located north of Central Avenue and east of the PA fence and consists of a former waste burial 

area where 1,405 drums were stored. Initially placed on the ground, the drums were buried with soil between April 

1954 and September 1958, thus generating a “mound”. The drums originated in Buildings 444,883,771, and 776 

and contained uranium and beryllium contaminated lathe coolant (a mixture of approximately 70% hydraulic oil and 

30% carbon tetrachloride), tetrachloroethene (PCE) and other VOCs, and low levels of plutonium.. Ten percent of 

the drums were suspected to have leaked. Groundwater contamination is also present. 

In 1970, all of the drums were exhumed from the Mound Site along with some soil contaminated with radionuclides. 

The Mound Site area has been disturbed often, generally by construction projects, since the initial source removal. 

Additional radioactive soils were identified during these projects and removed at later dates. Subsequent 

investigations have detected VOCs, primarily PCE, in subsurface soils at concentrations above the subsurface soil 

action levels that require cleanup. 

From the Mound Site, the ground surface slopes steeply downward to the north, towards the incised drainage of 

South Walnut Creek. The Mound Site groundwater plume is located north of Central Avenue and east of the PA 

fence. The plume, comprised primarily of VOC contamination, discharged as seeps and subsurface flow into the 

South Walnut Creek drainage in the vicinity of seep SW059 prior to the installation of the Mound Site Plume 

Treatment System (MSPTS). The VOC contamination is found along a line of monitoring wells downgradient 

(north) of the Mound Site and between the Mound Site and South Walnut Creek, indicating that the Mound Site is 

the primary source of the plume. Figure 4- 1 presents the location of the Mound Site Plume area. 

An accelerated soil removal action was completed during the spring of 1997 to remove VOC contaminated soils 

above the Tier I action levels from the Mound Site. Low-temperature thermal desorption was used to remove 

VOCs, and then treated soils were returned to the excavation. As part of this project, a permanent culvert was 

installed in the previously unlined Central Avenue Ditch, which is located immediately upgradient of the source area 

and had contributed water to the Mound Site Plume. 

. 

A pre-remedial groundwater investigation was performed in March and April of 1997 to examine the nature and 

extent of the Mound Site Plume adjacent to South Walnut Creek. The results of the investigation indicate that the 0 
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water level, and quantity of groundwater present, generally declines towards the east and west margins of the plume. 

The most commonly detected VOCs from the source area to the distal end of the plume are PCE and TCE. Other 

VOCs are present in the plume, mainly towards the distal end, as degradation products of PCE and TCE (DOE, 

1997c). The goal of the investigation was to provide the necessary information to support the design of an 

0 
interceptionkollection trench and the proper disposal of soil removed during construction of the 

interceptiodcollection trench. 

The Mound Site Plume project employs an innovative technology for the collection and treatment of groundwater 

contaminated with chlorinated organic compounds and low levels of radionuclides. Work performed during 1998 

on this project consisted of the installation of the MSPTS completed in September 1998. The MSPTS is a passive 

subsurface groundwater treatment system consisting of an impermeable barrier membrane constructed of high 

density polyethylene (HDPE) to capture and redirect contaminated groundwater; an engineered permeable filter 

media backfill, consisting of sand and pea gravel, and containing a 4-inch perforated HDPE pipe routed to a central 

collection sump; treatment cells containing zero-valence iron;and a barrier monitoring system (piezometers 16 199 

through 16599 on Figure 4-1). Figure 4-2 presents a schematic of the MSPTS. Nine sets of MSPTS 

influendeffluent samples were collected in 2000. The results of all nine sampling rounds indicate that all of the 

contaminants of concern, VOCs, uranium 235 and 238, and americium 241 have been reduced to below Tier I1 

action levels in effluent from Reactor 11, the second treatment cell. 

The system is designed to protect surface water by reducing mass loading consistent with RFCA action levels. The 

zero-valence iron, contained in two buried treatment cells, is used to remediate VOC and radionuclide contaminated 

groundwater by breaking down the VOCs and sorbing the radionuclides. After treatment, the water is discharged 

back to groundwater on the downgradient side of the treatment system through a French drain (RMRS, 1999e). 

During construction of the treatment system, a buried drainpipe was discovered that was probably contributing 

contaminated groundwater to the SW059 seep. The treatment system also collects this water. 

Currently, the following four wells are being sampled as performance monitoring wells for the Mound Plume 

remediation system: 3586, 15599, 15699, and 15799 (Figure 4-1). These wells are all located downgradient of the 

MSPTS collection trench with well 3586 being further downgradient and adjacent to South Walnut Creek, while the 

other three wells are immediately downgradient of the interceptor trench. 

Vinyl chloride concentrations have been consistently above Tier I1 action levels in well 3586 (Figure 4.1-1) since 

sampling started in January 1990. However, since April 199 I ,  there has been an exponential decrease in vinyl 

chloride concentrations that is unrelated to the installation of the remediation system. Because of the non-linear 

nature of the data, an exponential trend line was considered to be the most appropriate model to use to evaluate the 

long-term temporal variations in the data. 
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Figure 4.1-1 Vinyl Chloride Trend Plot For Well 3586 

Low levels of methylene chloride have also been detected in well 3586. However, since 1997, methylene chloride 

concentrations have been below Tier I1 action levels. 

Concentrations of PCE and TCE in well 15699 (Figures 4.1-2 and 4.1-3) have been elevated since sampling began 

in March 1999 and have consistently exceeded Tier I action levels. Trend lines (least squares linear regression line) 

for PCE and TCE data indicate that concentrations of these compounds have remained generally unchanged with 

time since sampling started. 

Figure 4.1-2 Tetrachloroethene Trend Plot For Well 15699 

1000 , 
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Figure 4.1-3 Tricltloroetltene Trend Plot For Well 15699 

Prior to conducting the regression analysis, the data were statistically evaluated for outliers. One non-detect PCE 

and one non-detect TCE value were determined to be outliers and were omitted from hrther trend analysis. The 

outlier analysis was performed using graphical statistical 'methods that include box and whisker plots, histograms, 

and normal probability plots. Because of the highly skewed nature of the data, a natural log transformation was 

performed. The box and whisker plots below (Figures 4.1-4 and 4.1-5) indicate that one value, shown by an 

asterisk, on each figure is considered highly suspect because it lies outside the lower outer fence. The lower outer 

fence is equivalent to more than three standard deviations from the mean. 

Figure 4.1-4 Box and Whisker Plot of PCE Concentrations in Well 15699 
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Figure 4.1-5 Box and Whisker Plot of TCE Concentrations in Well 15699 
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The histogram and probability plot (Figures 4.1-6 through 4.1-9) also support this conclusion. The low data points 

are detached from the main body of data on the histogram and depart significantly from a best-fit line on the normal 

probability plot. 

Figure 4.1-6 Histogram of PCE Concentrations in Well 15699 
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Figure 4.1-7 Histogram of TCE Concentrations in Well 15699 
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Figure 4.1-8 Probability Plot of PCE Concentrations in Well 15699 
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Figure 4.1-11 1,l-Dichloroethene Trend Plot For Well 15699 

140 - 

Low concentrations, slightly greater than Tier I1 levels, of 1,2- DCA have also been detected in well 15699 (Figure 

4.1 - 12); however, since November 1999, the compound has not been detected. For this reason, no regression 

analysis was performed. The recent high non-detect values from 2000 are due to elevated detection limits that result 

from sample dilution. 

Figure 4.1-12 1,2-Dichloroethane Trend Plot For Well 15699 
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Methylene chloride has also been detected in well 15699 during 2000 at levels substantially above recorded blank 

contamination (Figure 4.1-13). Several of the blank contaminated samples are labeled as real values because the 

sample concentration exceeds 10 times the blank concentration. 

Figure 4.1-13 Methylene Clzloride Trend Plot For Well 15699 
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Well 15599 has been consistently dry since its installation and therefore has not produced water for analytical 

samples. PCE and TCE concentrations in well 15799 have been at or below the detection limit since sampling 

commenced. 

Hydrographs of wells 3586, 15599, 15699, and 15799 are included in Appendix C. A slight decline in water levels 

may have occurred in well 3586 as a result of the interceptiodcollection trench. This decline is illustrated by the 

contrast between the downward slope of the regression line for data collected after the MSPTS was installed and the 

slight upward trend for data that occurred prior to the system. A lack of sufficient data precludes a trend analysis for 

water levels in well 15599. Trend lines for wells 15699 and 15799 indicate slight declines in water levels with time. 

However, these trends are insignificant since the slope of these lines cannot be statistically distinguished from zero. 

The MSPTS is fully operational and is treating contaminated groundwater to well below the specified system 

performance requirements. Ongoing maintenance, including raking the iron media weekly to break up the oxidized 

crust and collecting flow rate and water level data, are required activities. Sampling will continue in order to verify 

the performance of the MSPTS. 
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4.1.2 Mound Site Source Removal e The Mound Site (IHSS 113) Source Removal was the third accelerated source removal action at RFETS to 

remediate contaminated soils that were contributing to the degradation of groundwater in the area (RMRS, 1997~).  

This section evaluates performance of the source removal action per RFCA (RFCA, 1996) with regard to 

groundwater. The history of the Mound Site previous to the Source Removal is described in detail at the beginning 

of Section 4.1.1 above. 

The accelerated source removal action included the excavation and treatment of approximately 724.5 cubic yards of 

soil contaminated with VOCs, predominantly PCE and TCE, above the Tier I ALF for subsurface soil (RMRS, 

1997~).  The excavation was completed in April 1997; soils were treated in August 1997 using low temperature 

thermal desorption to remove VOCs and the treated soils were returned to the excavation in September 1997. The 

Closeout Report for the Source Removal at the Mound Site, IHSS I 1 3  (RMRS, 1997c) summarizes the source 

removal action. In addition to PCE and TCE, carbon tetrachloride and methylene chloride were also identified as 

contaminants of concern, however, carbon tetrachloride was never detected in Mound Site samples and detections of 

methylene chloride were determined to be a result of laboratory contamination (RMRS, 1997~).  

Excavation boundary samples identified PCE contamination (12 and 86 mg/Kg) in two of the fourteen excavation 

bottom samples which exceed the VOC Cleanup Target Levels for Excavation stated in the PAM (RMRS, 1997~).  

However, because the majority of contaminated soil had been removed, because of problems with excavating deeper 

into the bedrock, and because the limiting conditions established in the PAM (excavation through the highly 

weathered bedrock) had been met, it was decided that excavation activities would cease (RMRS, 1997b and 1997~).  

Well 00897 was installed in 1997 to monitor groundwater immediately downgradient of the Mound Site. PCE 

concentrations appear to fluctuate with a mean concentration of 16,67 1 pg/L and range from a minimum of 7,400 

pg/L in November 1998 to 21,300 pg/L in November 2000. As illustrated on Figure 4.1-14, PCE concentrations in 

well 00897 appear to exhibit a slight upward trend. The trend is apparent and not statistically significant because the 

slope of the trend line cannot be differentiated from zero. This means statistically that there is no trend or change in 

the data with time. 

4 -  10 
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Figure 4.1-14 Tetracltloroethene Trend Plot For Well 0089 7 

0 

TCE concentrations, as shown in Figure 4.1-15, range from an initial high of 2,000 pg/L in March and June 1998 to 

a minimum of 990 pg/L in November 1998 with a mean concentration of 1,669 pg/L for 1998-2000. 

Figure 4.1-15 Trichloroethene Trend Plot For Well 00897 
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TCE concentrations in this well have decreased slightly as illustrated. by the downward (negative) slope to the trend 

line on Figure 4.1-15. This downward trend is also apparent and not statistically significant. The concentrations of 

PCE in well 00897 are an order of magnitude greater than the concentrations of TCE. All results of PCE and TCE 

in well 00897 constitute Tier I exceedances. 

4 -  11 
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One low PCE and one low TCE value were considered suspect but were retained for trend analysis because they fall 

between the inner lower and outer lower fences as shown on the box and whisker plots below (Figures 4.1-16 and 

4.1- 17). The outer lower fence on both of these figures lies beyond the limits of the vertical scale and therefore is 

not shown. 

Figure 4.1-16 Box and Whisker Plot of PCE Concentrations in Well 00897 
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Figure 4.1-1 7 Box and Whisker Plot of TCE Concentrations in Well 00897 
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Methylene chloride was detected at 12,000 p g L  during one sampling event in June 1998 (Figure 4.1-1 8). Since that 

time, samples have been well below that concentration and have been reported as either non-detects or blank 

contaminated. 

4- 12 
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Figure 4.1-18 Methylene Chloride Trend Plot For Well 00897 
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In summary, concentrations of PCE have increased slightly while TCE has decreased slightly in downgradient well 

00897 after the accelerated source removal action. Monitoring will continue until VOC concentrations decrease to 

below Tier I action levels. 

Well 02291 is also located downgradient of the Mound Site, approximately equidistant between the Mound Site and 

the MSPTS. PCE concentrations appear to fluctuate with a mean concentration of 3,124 pg/L and range from a 

minimum of 2.10 pg/L in December 199 1 to a maximum of 6600 pg/L in May 1999 (Figure 4.1 - 19). PCE levels in 

well 0229 1 (Figure 4.1 - 19) appear to be increasing over the long term although there has been a noticeable decrease 

in concentration from the second quarter to the fourth quarter of 2000. Concentrations are currently above Tier I 

action levels. Trend lines (least squares linear regression line) were constructed prior and subsequent to mound 

source removal in April 1997 and indicate that PCE concentrations have continued their upward trend. 

4- 13 
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Figure 4.1-1 9 Tetracliloroetliene Trend Plot For Well 02291 
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Prior to conducting the regression analysis, two data points (non-detects) were determined to be statistical outliers 

and were omitted from further trend analysis. The box and whisker plot below (Figure 4.1-20) indicates that two 

sampling values are considered highly suspect because they lie outside the lower outer fence. A third data point is 

very slightly outside as well but was retained because it was attached to the main body of data on the histogram 

(Figure 4.1-21). 

Figure 4.1-20 Box and Wliisker Plot of PCE Concentrations in Well 02291 

The histogram and probability plot (Figures 4.1-21 and 4.1-22) also support this conclusion. The low data points are 

detached from the main body of data on the histogram and depart significantly from a best-fit line on the normal 

probability plot. 
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Figure 4.1-21 Histogram of PCE Concentrations in Well 02291 
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Figure 4.1-22 Probability Plot of PCE Concentrations in Well 02291 

TCE in well 02291 (Figure 4.1-23) follows a similar trend to PCE, except that the concentrations of TCE are an 

order of magnitude lower than the concentrations of PCE. PCE concentrations have consistently exceeded Tier I 

action levels (500 pg/L) while TCE in well 02291 has been exceeding this level consistently since May 1999. TCE 

concentrations vary with a mean concentration of 397 pg/L and range fiom a minimum of 100 pg/L in December 

199 1 to a maximum of740 pg/L in April 2000. Trend lines before and after mound source removal indicate that 

TCE concentrations have also been increasing. 

4 -  15 
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As shown on Figures 4.1-24 through 4.1-26, one (non-detect) data point was determined to be a statistical outlier 

and was excluded from further trend analysis. 

Figure 4.1-24 Box and Whisker Plot of TCE Concentrations in Well 02291 
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Figure 4.1-25 Histogram of TCE Concentrations in Well 02291 
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Figure 4.1-26 Probability Plot of TCE Concentrations in Well 02291 
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In summary, concentrations of Mound Site contaminants of concern have been observed to increase in downgradient 

wells 00897 and 02291 after the accelerated source removal action. Monitoring will continue until VOC 

concentrations decrease to below Tier I action levels. 

4 -  17 
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4.2 Solar Evaporation Ponds Nitrateluranium Plume 

The Solar Ponds Plume (SPP) is an area of groundwater contamination that extends from the Solar Evaporation 

Ponds (SEPs) to the northeast towards North Walnut Creek and to the southeast towards South Walnut Creek 

(Figure 4-3). The primary analytes of concern are nitrate and various uranium isotopes; however, other inorganic 

and organic compounds have also been identified at concentrations above the Tier TI action levels. 

VOCs have been detected in monitoring wells located in the western and southern portions of the Solar Ponds. The 

VOCs are thought to have originated from sources farther to the west and southwest of the Solar Ponds, and 

therefore are thought to be distinct from the SPP. Several metal analytes have also been detected in SPP monitoring 

wells at concentrations above groundwater action levels. 

The Interceptor Trench System (ITS) was constructed in 1981 to dewater the hillside between North Walnut Creek 

and the SEPs so as to prevent the SPP from advancing to North Walnut Creek. The ITS traverses the hillside to the 

north of the Solar Ponds and collects surface water infiltration as well as most of the alluvial groundwater; however, 

the ITS does not collect all of the contaminated groundwater from the alluvium and weathered bedrock present 

below the alluvium. Water collected by the ITS from 1993 until the fall of 1999 was stored in the Modular Storage 

Tanks north of Walnut Creek prior to treatment at Building 374. The ITS was modified substantially during the 

construction of the Solar Ponds Plume Treatment System (SPPTS). See the discussion below regarding the SPPTS. 

As an initial phase in determining the appropriate remedial action for the SPP, RMRS began sampling in 1997 to 

evaluate alternatives for the management and treatment of the water collected by the ITS. The objective of the study 

was to determine a permanent remedy for the SPP. Final evaluation of the alternatives required a detailed 

characterization of the water quality in the alluvium;and weathered bedrock in the vicinity and downgradient of the 

Solar Ponds (McLane Environmental, 1998). The primary objective of this characterization sampling was to 

determine the nature and extent of the SPP in the alluvium, weathered bedrock, and competent bedrock during low 

flow (late fall/early winter) and high flow (spring) seasons. 

e 

The secondary objective of this sampling effort was to evaluate the amount and distribution of uranium in the 

groundwater associated with the SPP, and estimate what portion of it is attributable to past WETS activities. 

Initially, low flow samples (November 1997 through February 1998) collected from a combination of background, 

Walnut Creek drainage, and SPP wells were analyzed for uranium isotopes by alpha spectroscopy. Seven SPP wells 

were resampled during the high flow season (April 1998). In addition to analysis by alpha spectroscopy, four low 

flow samples and five high flow samples were subsequently sent to Las Alamos National Laboratory (LANL) for 

analysis of uranium isotopes by high resolution inductively coupled plasmdmass spectroscopy (ICPMS). The 

results of these analyses were used to calculate uranium isotope ratios, which can be used to differentiate between 

naturally occurring and anthropogenic uranium. Section 8.2 of this Annual report provides a detailed discussion of 

the ICPMS sampling to date. 

4 -  18 
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Based on the results of the 1997 through 1998 investigation, the Solar Ponds Plume Decision Document 

(RMRS, 1999f)was prepared. The Decision Document outlines the remediation strategy, treatment goals, applicable 

regulatory requirements, and implementation schedule to accomplish a long-term and cost effective remedy for the 

groundwater collection, management, and treatment of the SPP. A reactive barrier, consisting of a funnel system to 

direct SPP groundwater to a treatment cell containing zero-valence iron and a carbon source, was selected as the 

preferred remedial alternative. The other alternatives described in the Decision Document were found to be 

ineffective in treating the contaminants or did not achieve the long-term goals for the SPP and WETS (RMRS 

19990. 

Installation of the SPPTS, which consists of an 1,100-foot long collection system along with a passive treatment cell 

containing reactive iron and wood chips, was completed in September 1999. This system cuts through and 

intercepts the water collected by the pre-existing ITS. The northern portion of the ITS, north of the SPPTS, was 

abandoned except for a segment of the northermost lateral, which now serves as the effluent pipe from the treatment 

cell to the discharge area. The SPPTS is different from the passive, flow through systems installed at the Mound 

Plume (Section 4.1) and East Trenches Plume (Section 4.3). Water was planned and initially designed to be 

intercepted and flow by gravity to the treatment cell without retention in the collection trench. Logistical problems 

related to Preble's Jumping Mouse habitat caused the flow-through treatment cell to be located immediately adjacent 

to the collection trench and not 400 feet downgradient as originally planned. As a result, the collection trench for 

the SPPTS must collect and store groundwater with approximately 12 feet of hydraulic head in order for 

groundwater to flow through the treatment cell. During CY 2000, fluctuating groundwater levels within the 

collection trench caused flow through the treatment cell to be intermittent. The influent location is sampled 

monthly. The 2000 Quarterly Reports for the Rocky Flats Groundwater Plume Treatment Systems can be 

referenced for more details. During CY 2001, the system will be monitored and evaluated along with weekly 

monitoring of the piezometers in the collection trench. Additional surface water samples from GS13 and Pond A-3, 

located approximately 1000 feet of SPPTS, will monitor potential impacts to North Walnut Creek. 

Four monitoring wells, 1386, 1786, 70099, and 70299 are designated for performance monitoring of the SPPTS. 

Nickel concentrations in well 1386 (Figure 4.2-1) have increased steadily since spring 1992 and, except for two 

sample dates, have been over the Tier I1 action level since spring 1993. The upward (positive) trend line shown on 

Figure 4.2- 1 depicts the increase in nickel. No outliers were identified during statistical analysis of the data. This 

increase in nickel with time may result from several causes, one of which may be leaching from the stainless steel 

well casing materials. Investigation of this upward trend in nickel concentrations in well 1386 is currently being 

conducted. This topic is discussed in detail in Section 8.6 

4- 19 
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Figure 4.2-1 Nickel Trend Plot For Well 1386 

Selenium in well 1786 (Figure 4.2-2) has been consistently above Tier I1 action levels since sampling was initiated 

in February 1990. As shown on Figure 4.2-2, there is an upward trend to the selenium concentration with time. 

This trends appears to be unaffected by the installation of the ITS in 198 1 .  No outliers were identified during 

statistical analysis of the data. 

Figure 4.2-2 Selenium Trend Plot For Well 1786 

Nitrate in well 1786 (Figure 4.2-3) has remained essentially unchanged with time as illustrated by the relatively flat 

slope to the trend line. Least squares regression analysis indicates that the slope of the trend line cannot be 

differentiated from zero .and that nitrate concentrations have statistically not changed with time. Not outliers were 

identified during statistical analysis. 

I I' 
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Figure 4.2-4 Nitrate Trend Plot For Well 1786 
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U-233/234 concentrations in well 70099 (Figure 4.2-5) have been elevated above background levels (60.7 pCi/L) 

since sampling was initiated in June 2000. Although there appears to be a slight, downward trend to the data, this 

trend is statistically insignificant and cannot be differentiated from zero. 

Figure 4.2-5 Uranium 233/234 Trend Plot For Well 70099 with Error Bars (Note Use of 

Background M2SD For Comparison-Not Tier II Action Level) 
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Similar to U-2331234, the U-235 concentration in well 70099 (Figure 4.2-6) has been elevated above the background 

level (1.79 pCiL) since sampling was initiated in June 2000. Although there appears to be a slight downward trend 

to the data, this trend is statistically insignificant. * 
Figure 4.2-6 Uranium U-235 Trend Plot For Well 70099 With Error Bars (Note Use of 

Background M2SD For Comparison - Not Tier 11 Action Level) 
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The U-238 concentration in well 70099 (Figure 4.2-7) h s been above the b ckground level (4 1.8 pCiL) since 

sampling at the well began. Although there appears to be a slight downward trend to the data, this trend is 

statistically insignificant and cannot be differentiated from zero. 

Figure 4.2-7 Uranium-238 Trend Plot For Well 70099 With Error Bars (Note Use of 

Background M2SD For Comparison - Not Tier 11 Action Level) 
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The nitrate concentration in well 70099 has been below the Tier I1 and background action levels during 2000. U- 

2331234 and U-238 concentrations in well 70299 have been below background but above Tier 11 action levels during 

2000. U-235 concentrations have been consistently below both background and Tier I1 action levels. ' 

Hydrographs of wells, 1386, 1786, 70099, and 70299, located downgradient of the ITS, are included in Appendix C. 

A slight upward trend in water level elevations has occurred in wells 1386 and 70299 while water levels in wells 

1786 and 70099 have remained fairly constant with no significant statistical trends present. A complete set of 

analytical data for CY2000 can be found in the RFCA Groundwater Quarterly Reports. 

I 4.3 East Trenches Plume 

4.3.1 B-PondsIEast Trenches Plume 

The East Trenches Plume is located north of Central Avenue and east of the IA. This groundwater plume contains 

VOC contamination believed to originate from the East Trenches and 903 Pad that extends to the north and 

northeast to where the plume discharges as seeps and subsurface flow into the South Walnut Creek drainage. Recent 

exceedances of the Tier I1 RFCA VOC groundwater action levels in an IMP performance monitoring well (23296) 

near South Walnut Creek and recent detections of VOCs in the B-ponds indicate that contaminated groundwater was 

reaching surface water. Figure 4-4 presents the site location. 

A large plume of contaminated groundwater is located in the East Trenches area (Plate 12). Most of the 

groundwater contamination is believed to be derived from the trenches on the north side of the East Access Road, 

including Trenches T-3 and T-4 (RMRS, 1996c). Upgradient monitoring wells indicate that a component of the 

contaminated groundwater in this area is derived from VOC contamination emanating from the 903 Pad. However, 

the VOC concentrations in groundwater increase by more than two orders of magnitude downgradient of Trenches 

T-3 and T-4, which reflects previous releases from the trenches. 

Trenches T-3 and T-4 were used between 1964 and 1967 for disposal of sanitary sewage sludge contaminated with 

low levels of uranium and plutonium, VOCs, crushed drums, and miscellaneous waste (DOE 1992b). In 1996 these 

trenches were excavated as part of an accelerated source removal action. Trench T-3, located approximately 300 

feet north of the East Access Road and immediately west of Trench T-4, was approximately 134 feet long, 20 feet 

wide, and 10 feet deep. Trench T-4 was approximately 110 feet long, 15 feet wide, and 10 feet deep. The excavated 

soil and debris were thermally treated to remove the VOCs, which consisted primarily of carbon tetrachloride, TCE, 

and PCE. The remediated soil, which was then below Tier I1 action levels, was returned to the trench excavation 

and the area was revegetated. 

The component of the East Trenches plume derived from VOC contamination at the 903 Pad and Lip areas is 

associated with drums containing plutonium and uranium contaminated soils and solvents which were stored in the 

area from the summer of 1958 to January 1967 (RMRS, 1996d; 1997). e 
4 - 23 
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Pre-remedial investigations were conducted in the fall of 1997 and the spring of 1998 to determine the extent and 

configuration of the distal (northern) end of the East Trenches plume in the vicinity of South Walnut Creek and to 

collect sufficient data to design a remedial action for the plume. A total of 32 Geoprobe boreholes were advanced 

and 25 temporary monitoring wells installed. Wells that contained sufficient water were monitored for water table 

elevation and sampled for radionuclides and VOCs. Soil samples were collected from several boreholes and 

analyzed for VOCs and other analytes. 

0 

,Groundwater flow in the vicinity of the East Trenches plume is to the north and northeast and discharges primarily 

as seeps, springs, and baseflow to South Walnut Creek. This is particularly apparent where the water-bearing strata 

are incised by the creek. There is a spring and seep complex on the south bank of South Walnut Creek, above Ponds 

B- 1 and B-2, where the Arapahoe No. 1 Sandstone subcrops. Concentrations of VOCs above Tier I action levels 

were detected in this area during 1998. The presence of VOCs in the seep complex indicates that contaminants have 

reached South Walnut Creek. The Arapahoe No. 1 Sandstone is present beneath the East Trenches source area and 

constitutes a preferential groundwater flow pathway towards South Walnut Creek. This unit is continuous in the 

subsurface from the East Trenches to the northern end of the East Trenches plume; much of the groundwater flow 

and contaminant flux is through this material. In addition, contaminated groundwater from the East Trenches plume 

flows into the Valley Fill Alluvium underlying South Walnut Creek. This deposit may also act as a preferential 

pathway for contaminated groundwater (RMRS, 19998). 

During 1999, installation of a capture system along the southern edge of South Walnut Creek to intercept East 

Trenches plume contaminated groundwater was completed. The 1,200 foot long collection system, along with two 

zero-valence iron treatment cells, was completed in September 1999 and is similar to the collection and treatment 

system installed for the Mound Plume (Section 4.1). This passive system is utilized to treat VOC-contaminated 

groundwater from the East Trenches Plume and remove contaminants to below surface water action levels. The 

downgradient capture system was chosen as the best remediation method, following an evaluation of more 

traditional options, because it effectively treats the existing VOCs to below action levels at a lower life cycle cost 

than the other treatment options. 

0 

An impermeable barrier groundwater collection system was keyed into the underlying claystone or low permeability 

colluvium, depending on the elevation of the bedrock surface. The captured groundwater flows out of the collection 

system by gravity and into a series of cells containing zero-valence iron filings, which breaks down the VOCs. The 

treated water discharges to groundwater through an infiltration gallery; however, for added flexibility the system 

was designed to allow discharge directly to South Walnut Creek if necessary. 

Effluent concentrations of the primary contaminants of concern, carbon tetrachloride, TCE, and PCE, collected and 

analyzed from the East Trenches plume treatment system during 2000 were below Tier I1 action levels. As in past 

sampling, methylene chloride was detected in the effluent and in the laboratory blanks. However, most of the 

samples had high enough methylene chloride concentrations to be considered real values. 
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Four monitoring wells are currently being sampled as performance monitoring wells for the East Trenches Plume 

Treatment System (ETPTS). These wells are 23296,95099, 95 199, and 95299. Wells 95 199 and 23296 are 

downgradient of the treatment system in the vicinity of the distal end of the East Trenches plume. 

TCE has been detected in well 95 199 at concentrations above Tier I1 action levels. The maximum TCE 

concentration in well 95 199 during 2000 was 6 1 pg/L. As shown on Figure 4.3-1, the upward trend line indicates an 

increase in TCE concentrations since sampling commenced. However, this upward trend is apparent and not 

statistically significant because the slope of the trend line cannot be distinguished from zero. 

Figure 4.3-1 Trichloroethene Trend Plot for Well 95199 

70 

PCE concentrations in well 23296 have been consistently above Tier I1 action levels as shown on Figure 4.3-2. 

Trend analysis of these data indicate a slight upward trend or increase in PCE concentrations with time. However, 

this trend is apparent and not statistically significant suggesting that PCE concentrations have remained unchanged 

with time. No outliers were detected during exploratory statistical analysis. 

Figure 4.3-2 Tetrachloroethene Trend Plot for Well 23296 
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TCE concentrations in well 23296 have been consistently above Tier I1 levels and occasionally above Tier I (Figure 

4.3-3). The maximum TCE concentration in well 23296 during 2000 was 960 pg/L. Trend analysis for these data 

shows a relatively flat slope with a slight upward trend. Statistically, this trend is insignificant indicating that TCE 

concentrations have not changed with time. No outliers were detected during summary statistical analysis. 

Figure 4.3-3 Trichloroethene Trend Plot for Well 23296 
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The maximum concentration of cis- 1,2-dichloroethene in well 23296 during 2000 was 120 ug/L (Figure 4.3-4). 

Concentrations have been frequently above Tier I1 action levels during the entire period of sampling. Trend analysis 

indicates a slight increase in concentrations with time. However, this trend is apparent and statistically insignificant. 

No outliers were detected during exploratory statistical analysis. 
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Figure 4.3-4 Cis-1,2-Dichloroethene Trend Plot for  Well 23296 
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Concentrations of these contaminants in wells 95199 and 23296 are expected to decrease over time because the 

upgradient portion of the plume, which constitutes the supply of these VOCs, has been intercepted. 

Very low levels, qualified with a “J,” of less than 1 pg/L of TCE, carbon tetrachloride, and chloroform have been 

detected in well 95099. 

Well 95299 has been dry and, therefore, could not been sampled. 

Hydrographs of wells 95099,95 199, and 23296 located downgradient of the interceptor trench for the ETPTS, are 

included in Appendix C. Water levels in these wells have remained relatively constant with time with no significant 

statistical trends present. 

The ETPTS is fully operational and treating contaminated groundwater to below the specified system performance 

requirements. Monthly sampling during CY 2001 will continue to verify the performance of the treatment system. 

A complete set of analytical data for CY 2000 can be found in the RFCA Groundwater Quarterly Reports. 

4.3.2 Trenches T3 and T4 Source Removal 

‘ 

The Trenches T3 and T4 (IHSS 1 10 and THSS 1 1 1.1 respectively) Source Removal was the second accelerated 

source removal action to remediate contaminated soils that were contributing to the degradation of groundwater in 

the area (RMRS, 1996d). This section evaluates performance of the source removal action per RFCA (DOE, 1996) 

with regard to groundwater. The Trenches T3 and T4 Source Removal area is located north of the East Access 

Road and east of the East Perimeter road (Figure 4-6). Please refer to Section 4.3.1 for a description of the 

depositional history of Trenches T-3 and T-4. e 
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The accelerated source removal action consisted of the excavation and treatment of approximately 3,800 cubic yards 

of soil contaminated with VOCs, above the Tier I ALF for subsurface soil (RMRS, 1996d). The Completion Report 

for the Source Removal at Trenches T-3 and T-4 (IHSSs I I O  and I I I. I), ( R M R S ,  1996d) summarizes the source 

removal action. The removed soil and debris were treated using low temperature thermal desorption treatment 

technology to remove VOCs, which consisted primarily of carbon tetrachloride, PCE, TCE, and additional VOCs as 

summarized in the Completion Report (RMRS, 1996d). The excavation and treatment activities were completed in 

August 1996, and the treated soils were returned to the excavations in September 1996. The area was then 

revegetated (RMRS, 1996d). 

Samples collected at the excavation boundary identified TCE contamination at a concentration of 22 mgKg at a 

depth of 26,feet in one of the subdivided grids of Primary Grid 32 of the T-4 excavation (RMRS, 1996d). This 

concentration exceeded the VOC cleanup target level of 9.27 mgKg stated in the Proposed Action Memorandum 

(PAM) (RMRS, 1996e). However, it was decided that because of the difficulty of excavating deeper into the 

bedrock sandstone (encountered at a depth of 22 feet) and because the limiting conditions established in the PAM 

had been met (excavation through the highly weathered bedrock) that excavation activities would cease (RMRS, 

1996d). 

Five performance monitoring wells 3687, 0569 1, 1 189 1, 12 19 1, and 1269 1 are used to monitor the source removal 

action in trenches T3 and T4. 

PCE concentrations in well 3687 have generally been declining with time (Figure 4.3-5). A trend plot for PCE in 

this well indicates a downward trend prior to source removal in the east trenches. Data collected after removal of 

trench source material exhibit an apparent upward trend. However, because of the poor linear correlation, the slope 

of this latter trend line cannot be statistically differentiated from zero. 

Figure 4.3-5 Tetrachloroethene Trend Plot For Well 3687 
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Prior to conducting the trend analysis, the data were evaluated for outliers. The results of exploratory statistical 

W 
0 5 -  n 
CI) 
0 
-I 

1 -  

methods, as shown in Figures 4.3-6 to 4.3-8, indicate that one low PCE value was considered highly suspect and was 

excluded from further analysis. 

f-2 - 
Lower Inner Fence 
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Figure 4.3-6 Box and Whisker Plot of Tetrachloroethene in Well 3687 
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Figure 4.3-7 Histogram of Tetrachloroethene in Well 3687 
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Figure 4.3-8 Probability Plot of Tetrachloroetliene in Well 3687 

I 

TCE concentrations in well 3687 have also been generally decreasing with time. A trend plot (Figure 4.3-9) 

indicates a downward or negative slope to the data prior to excavation and treatment of contaminated 

soils in Trenches T3 and T4. However, because of the poor linear correlation, the slope of this latter trend line 

cannot be statistically differentiated from zero indicating that TCE concentrations have remained unchanged with 

time. 

Figure 4.3-9 Trichloroethene Trend Plot For Well 368 7 
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Prior to conducting the trend analysis, the data were statistically evaluated for outliers. Two low TCE values were 

determined to be outliers and were omitted from further trend analysis. The box and whisker plot below (Figure 4.3- 

10) indicates that two values are highly suspect because they lie outside the lower outer fence. The histogram and e 
4 - 3 0  
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probability plot (Figures 4.3-1 1 and 4.3-12) also support this conclusion. The low data points are detached from the 

main body of data on the histogram and depart significantly from a best-fit line on the normal probability plot. 

12 - 

10 

LLI (I- 

2 
F 8 -  
J 

Figure 4.3-10 Box and Whisker Plot of Trickloroethene in Well 3687 
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Figure 4.3-11 Histogram of Trichloroethene in Well 3687 
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Figure 4.3-12 Probability Plot of Trichloroethene in Well 3687 
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Chloroform concentrations in well 3687 have been generally decreasing except for a sharp spike that occurred in the 

4* Quarter 1998 (Figure 4.3-13). This spike appears to coincide with similar increases in PCE and TCE as shown 

on figures 4.3-5 and 4.3-9 and occurs after trench source material had been excavated and treated. However, later 

sampling indicates that chloroform concentrations have decreased significantly. Trend analysis on data collected 

prior to treatment of contaminated trench soil shows that there has been a downward trend to chloroform 

concentrations with time. While a downward trend for later data also appears to exist, this trend is apparent and 

cannot be considered statistically significant. 

Figure 4.3-13 Chloroform Trend Plot for Well 3687 
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Statistical analysis of the chloroform data indicates the presence of one low outlier (Figures 4.3-14 to 4.3-16). This 

data point was omitted from further analysis because it lay outside the lower outer fence on the box and whisker 

plot, was detached from the main body of data on the histogram, and departed significantly from the straight line on 

the probability plot. Although one high value was considered statistically suspect, it was retained because it did not 

lie beyond the upper outer fence on the box and whisker plot and was connected to the main data on the histogram 

(Figure 4.3-15). 
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Figure 4.3-14 Box and Whisker Plot of Chloroform in Well 3687 

I 1 

Figure 4.3-15 Histogram of Chloroform in Well 3687 
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Figure 4.3-16 Probability Plot of Chloroform in Well 3687 

Since 1993, carbon tetrachloride concentrations in well 3687 have remained fairly constant as shown by the 

relatively flat trend lines on Figure 4.3-17. Concentration trends, as depicted by either the upward or downward 

slope, are apparent and without any statistical significance. However, carbon tetrachloride concentrations have 

frequently been above Tier I action levels and consistently above Tier I1 levels. 
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Figure 4.3-1 9 Histogram of Carbon Tetracliloride in Well 368 7 
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Figure 4.3-20 Probability Plot of Carbon Tetrachloride in Well 3687 

P 

The methylene chloride concentrations in well 3687 have either been non-detect or have been qualified with a “B’ 
since the 2”d Quarter 1998. The “B” qualified data are considered an artifact of laboratory contamination. 

Trend plots of PCE, TCE, and carbon tetrachloride for well 0569 1 show a general decrease in concentrations 

through the 31d Quarter 1995 (Figures 4.3-21 to 4.3-23). After this time, PCE and carbon tetrachloride 

concentrations appear to increase to current concentrations above Tier I1 action levels as illustrated by the upward 

trend line on Figures 4.3-21 and 4.3-23, while TCE concentrations have remained fairly constant (Figure 4.3-22). 

No outliers were identified during exploratory statistical analysis of these compounds. 
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Figure 4.3-21 Tetrachloroethene Trend Plot for  Well 05691 
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Figure 4.3-22 Trichlorothene Trend Plot for  Well 05691 
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e Figure 4.3-23 Carbon Tetrachloride Trend Plot of Well 05691 
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PCE and carbon tetrachloride concentrations have generally increased with time in well 11891 as shown on Figures 

4.3-24 and 4.3-25. The increase in carbon tetrachloride concentrations from early sampling rounds to current levels 

has been approximately an order of magnitude, whereas PCE concentrations have increased approximately twofold. 

Trend analysis for PCE indicates an apparent upward trend or positive slope prior to and subsequent to treatment of 

trench source material. However, because of the rather poor correlation and fit of data to the linear model, the slope 

of these trends is statistically the same and cannot be differentiated from zero. Trend analysis for carbon 

tetrachloride data collected after remediation of trench source material indicates a statistically significant upward 

trend to the data from well 1 189 1, whereas the slope of the trend line for the early data is not significant. 

Concentrations of PCE and carbon tetrachloride have been consistently above Tier I1 action levels. 

Figure 4.3-24 Tetrachloroethene Trend Plot for Well 11891 
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Figure 4.3-25 Carbon Tetracliloride Trend Plot for  Well 11891 
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Except for one exceedance, PCE concentrations have been below the Tier I level. Carbon tetrachloride 

concentrations have frequently been above Tier I action levels. Although TCE concentrations in well 11891 have 

fluctuated dramatically (Figure 4.3-26), trend analysis indicates no change statistically in TCE concentrations. The 

slopes of the early versus later data are also statistically the same. TCE concentrations have been consistently above 

Tier I1 action levels but below Tier I action levels. No outliers were identified during exploratory statistical analysis 

for these compounds. 

Figure 4.3-26 Trichloroethene Trend Plot in Well 11891 

100 

90 - 
80 - 

7 0 -  
60. 

= 50 - e E 40.  

2 3 0 -  

3 

0 

a 

s 20. 

4 - 38 



e 

0 I -RF-02 I O  7 
2000 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater A4onitoring Report 

Trend lines of PCE, TCE, and carbon tetrachloride for well 12691 are relatively flat indicating that concentrations of 

these compounds have remained essentially unchanged with time (Figures 4.3-27 to 4.3-29). In addition, there is no 

statistical difference between the.slope of the data collected prior to and subsequent to removal of the trench source 

material. 

Figure 4.3-2 7 Tetracltloroethene Trend Plot for Well 12691 
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Figure 4.3-28 Trichloroethene Trend Plot for Well 12691 
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Figure 4.3-29 Carbon Tetrachloride Trend Plot for Well 12691 
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One outlier in the PCE data in well 12691 was identified during exploratory statistical analysis and was excluded 

from the trend plot. This high value was considered highly suspect because it fell outside the upper outer fence on 

the box and whisker plot (Figure 4.3-30). In addition, the value was detached from the main body of data on the 

histogram (Figure 4.3-3 1 )  and departed significantly from the best-fit line on the probability plot (Figure 4.3-32). 
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Figure 4.3-30 Box and Whisker Plot of PCE in Well 12691 
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Figure 4.3-31 Histogram of PCE in Well 12691 
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Figure 4.3-32 Probability Plot of PCE in Well 12691 
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Two outliers, one high and one low value, were identified in the well 1269 1 TCE data and were excluded from 

further trend analysis. These values are shown on Figures 4.3-33 to 4.3-35. 

Figure 4.3-33 Box and Whisker Plot of TCE in WeLL 12691 
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Figure 4.3-34 Histogram of TCE in Well 12691 
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Figure 4.3-35 Probability Plot of TCE in Well 12691 
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Exploratory statistical analysis identified two outliers in the carbon tetrachloride data for well 12691. One outlier 

was a high value that fell outside the upper outer fence while the other one was a low value that lay below the lower 

outer fence (4.3-36). Although these values may not be apparent outliers on the histogram (Figure 4.3-37), these 

points depart significantly from the best-fit line on the normal probability plot (Figure 4.3-38). 

Figure 4.3-36 Box and Whisker Plot of Carbon Tetrachloride in Well 12691 
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Figure 4.3-3 7 Histogram of Carbon Tetrachloride in Well 12691 
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Figure 4.3-38 Probability Plot of Carbon Tetrachloride in Well 12691 
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Methylene chloride in well 12691 has either been not detected or has been found in the blank and, thus, is 

considered an artifact of laboratory contamination. 

PCE concentrations in well 12191 have fluctuated considerably over a ten-year period and range from 170 to 460 

pg/L (Figure 4.3-39). However, the long-term trend in PCE concentrations has remained constant as illustrated by 

the relatively flat slope (zero slope statistically) of the trend line in Figure 4.3-39. 
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Figure 4.3-39 Tetrachloroetltene Trend Plot for  Well 121 91 
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Based on exploratory statistical analysis, one data point was considered highly suspect and excluded from the data 

set. This outlier is shown on the box and whisker plot (Figure 4.3-40) below the lower outer fence. A histogram 

and probability plot of the data also support this conclusion (Figures 4.3-4 1 and 4.3-42). 

I I 

Figure 4.3-40 Box and Whisker Plot of PCE in Well 12191 
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Figure 4.3-41Histogram of PCE in Well 12191 

Figure 4.3-42 Probability Plot of PCE in Well 12191 

TCE concentrations range fiom 20 to 68 pg/L in well 12191and exhibit temporal fluctuations similar to PCE (Figure 

4.3-43). Trend analysis of these data indicates there has been a slight downward or negative slope to the TCE 
concentrations with time. Decreasing TCE concentrations in this well are most likely unrelated to removal of trench 

source material because the well is located upgradient fiom the T3 and T4 trenches. 
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Figure 4.3-43 Trichloroethene Trend Plot for  Well 121 91 
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Carbon tetrachloride concentrations in well 12191 range from 110 to 470 pg/L and appear to be decreasing with 

time (Figure 4.3-44). A trend analysis of the data indicates there is slight downward slope that is statistically 

significant. This decline in carbon tetrachloride concentrations appears to be unrelated to removal of trench source 

material because the well is located upgradient of the trenches. 

Figure ,4.3-44 Carbon Tetrachloride Trend Plot for Well 121 91 
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One low carbon tetrachloride data value was considered an outlier and removed from further analysis. Although this 

point fell between the lower inner and lower outer fences on the box and whisker plot (Figure 4.3-45), the value was 

deemed an outlier because it was detached fiom the main body of data on the histogram and departed significantly 

from the best-fit line on the normal probability plot (Figures 4.3-46 and 4.3-47). 
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Figure 4.3-45 Box and Whisker Plot of Carbon Tetrachloride in Well 12191 
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Figure 4.3-46 Histogram of Carbon Tetrachloride in Well 12191 
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Figure 4.3-47 Probability Plot of Carbon Tetrachloride in Well 12191 

Methylene chloride in well 12191 has either been undetected or has been found in the laboratory blank indicating 

that the sample concentration is an artifact of laboratory contamination. 
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In summary, concentrations of PCE, TCE, and chloroform downgradient of Trenches T3 and T4 have decreased in 

wells 1 1891 and 3687 prior to the accelerated source removal action. Since the source removal action, 

concentrations of these contaminants have remained essentially unchanged. An increase in carbon tetratchloride 

concentrations has occurred in well 1 1891 since removal of trench source material. Concentrations of PCE and TCE 

have either decreased slightly or remained the same in upgradient well 12191. Monitoring of performance wells 

near trenches T3 and T4 will continue until VOC concentrations decrease to below Tier I action levels. 

0 

4.4 881 Hillside French Drain 

The former Operable Unit (OU) 1 is also referred to as the 881 Hillside Area. The former OU 1 is located just south 

of the IA on the hillside south of Building 881, north of Woman Creek. Building 881 was used for enriched 

uranium operations and stainless steel manufacturing. The laboratories in Building 88 1 also performed analyses of 

the materials generated in production. Building 881, at an elevation of approximately 6000 feet, lies approximately 

170 feet above Woman Creek. Woman Creek and the South Interceptor Ditch (SID) are the two surface drainages 

that occur in the former OU 1. The SID crosses OU 1 flowing west to east just north of and parallel to Woman 

Creek. Figure 4-6 shows the site area. 

The former OU 1 included 11 IHSSs that historical information suggests could exhibit contamination of soil, 

groundwater, and/or surface water (DOE 1992b). The IAG, signed in January 1991, provided guidance and direction 

for investigating the OU 1 IHSSs. During 1992, as an Interim Measurehnterim Remedial Action (IM/IRA), a 1435 

foot long french drain was constructed across a significant portion of OU 1 north of the SID to protect Woman 

Creek from the contaminated alluvial groundwater present in OU 1. The french drain along with an upgradient 

extraction well (89 ICOLWEL) constitutes the 88 1 Hillside groundwater collection and treatment system. The 

system collects VOC contaminated groundwater from within a plume that is potentially moving from OU 1 south 

towards Woman Creek. Groundwater collected from the 891COLWEL was transported, through CY 1999, to the 

Combined Water Treatment Facility (CWTF) that is located in Building 89 1. In July 1996, the final RFCA, which 

replaced the IAG, was signed. Pursuant to the Operable Unit Consolidation Plan, OU 1 is continuing through the 

Corrective Action DecisiodRecord of Decision (CAD/ROD) process with the EPA as the lead regulatory agency 

(DOE 1997d). 

The CADROD presented the selected remedy for addressing contamination in subsurface soil at IHSS 1 19.1, a 

former drum and scrap metal storage area (DOE, 1992b). The IHSS is located on a south-facing hillside where 

locally saturated, unconsolidated surficial materials overlie weathered claystone bedrock. Groundwater occurrence 

in the IHSS 119.1 area is limited and primarily found in the unconsolidated surficial materials and in isolated 

northwest-southeast trending paleochannel incised into the bedrock. Recharge to the unconsolidated surficial 

material is minimal and occurs primarily through infiltration of precipitation during spring and summer. Discharge 

occurs largely through evapotranspiration and also at seeps, Woman Creek, the SID, and the 88 1 Hillside french 

drain. Residual contamination from past releases has contaminated soils and groundwater in the southwest portion 

of the IHSS and contributed to the degradation of groundwater quality in the immediate vicinity of the IHSS. 
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The selected remedial action presented in the CADROD included excavation and treatment of VOC-contaminated 

soil by low temperature thermal desorption, extraction of groundwater entering the excavation, and treatment of the 

groundwater at the Building 891 treatment system (DOE, 1997d). Excavated soils were to be treated onsite and 

returned to the excavation. The contaminants of concern identified in the CADROD at IHSS 1 19.1 are carbon 

tetrachloride, 1,1 -DCE, PCE, 1, 1 ,l  -TCA, TCE, and selenium. 

Since the signing of the CAD/ROD, new sampling and analysis results support the need to significantly alter the 

remedy that was originally selected. The results of these samples showed that the actual soil concentrations of the 

contaminants of concern were well below the ALF Tier I subsurface soil action levels (DOE, 1996b). Thus, 

excavation and treatment of these soils was not warranted. Based on these new sampling data and utilizing 

applicable provisions in the RFCA, CERCLA, and the National Oil and Hazardous Substances Pollution 

Contingency Plan (NCP), a modification to the CADROD was prepared for OU 1. The CADROD Modification 

addresses and documents changes to the previous CADROD declaration and presents the information gained since 

the time that declaration was signed, along with the rationale leading to the modification. 

Decommissioning of the 881 Hillside french drain began on August 3 1, 2000 and was completed by September 30, 

2000. The decommissioning resulted in the elimination of groundwater being sent from the collection system for 

treatment in the CWTF, and eliminated the Collection Gallery (891COLGAL) as an IMP sampling location. 

891COLGAL was the collection sump at the 881 Hillside french drain downgradient of IHSS 119.1. 

Plate 12, the VOCs and nitrate composite plume map, has been updated to reflect sampling results from 2000. 

Groundwater sample results from the 891COLWEL for 2000 indicate no Tier I exceedances for VOC contaminants 

occurred. However, VOCs, including TCE, PCE and carbon tetrachloride, and metals such as selenium have been 

detected frequently above Tier I1 action levels. TCE has generally exhibited a steady decline in concentrations since 

July 1994, as illustrated on Figure 4.4-1, by the downward trend line. Current TCE concentrations are substantially 

above Tier I1 action levels. 

\ 

/ 
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Figure 4.4-1 Trichloroethene Trend Plot for 891 COL WEL 

Trichloroethene Trend Plot For Location 891COLWEL 

1200 I 

Exploratory statistical analysis of the TCE data indicates the presence of five potential outliers. These data are 

shown below the lower outer fence on the box and whisker plot on Figure 4.4-2 and also displayed as suspect data 

on the histogram and probability plot (Figures 4.4-3 and 4.4-4). 

Figure 4.4-2 Box and Whisker Plot of Trichloroethene in 891COL WEL 

Figure 4.4-3 Histogram of Triclzloroethene in 891 COL WEL 
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Figure 4.4-4 Probability PIot of Trichloroethene in 891 COL WEL 

PCE in 891COLWEL has been consistently above Tier I1 action levels since June 1994. As shown on Figure 4.4-5, 

two trends appear to exist in the data set. Early data from the start of sampling until July 1994 exhibit one distinct 

trend while the later data appear to exhibit another. Based on the bi-modal nature of the data, two trend analysis 

were performed. These analysis indicate statistically significant trends occur for both the early and latter data. The 

early data exhibit an upward trend while the latter data display a downward trend. No outliers were identified 

during statistical analysis of the PCE data. 

Figure 4.4-5 Tetrachlorethene Trend Plot for 89ICOL WELL 
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Carbon tetrachloride concentrations in 891COLWL (Figure 4.4-6) have generally been above Tier I1 action levels. 

However, current concentrations are only slightly above Tier I1 levels. Based on the bi-modal nature of the data, 

two trend analysis were performed. These analysis indicate statistically significant trends occur for both the early 

and latter data. The early data exhibit an upward trend while the latter data display a downward trend. 
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Figure 4.4-6 Carbon Tetrachloride Trend Plot for 891 COL WEL 

One outlier was identified during statistical analysis and was excluded from the carbon tetrachloride data set. 

Although the low value fell between the lower inner and outer fences on the box and whisker plot (Figure 4.4-7), it 

was detached from the main data on the histogram (Figure 4.4-8) and lay a considerable distance from the best-fit 

line on the probability plot (Figure 4.4-9). 

Figure 4.4-7 Box and Whisker Plot of Carbon Tetrachloride in 891COL WEL 
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Figure 4.4-8 Histogram of Carbon Tetrachloride in 891 COL WEL 

I 1 

Figure 4.4-9 Probability Plot of Carbon Tetrachloride in 891COL WEL 

89 1 COLWELL samples collected during 2000 showed slight Tier I1 exceedances of 1,l -DCE (Figure 4.4- 10). 

Based on the bi-modal nature of the data, two trend analysis were performed. These analysis indicate statistically 

significant trends occur for both the early and latter data. The early data exhibit an upward trend while the latter 

data display a downward trend. No outliers were identified during exploratory statistical analysis of the 1,l-DCE 

data. 
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Figure 4.4-10 1,l-Dichloroethene Trend Plot for  891COL WEL 
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Except for several low “J” values, methylene chloride in 891COLWEL has either been below the detection limit or 

has been qualified with a “B” indicating it was detected in the laboratory blank. 

Selenium in COLWELL has been generally one order of magnitude above Tier I1 action levels (Figure 4.4-1 1). 

There has been no statistical trend to selenium concentrations with time. No outliers were identified during 

statistical analysis. 

Figure 4.4-11 Selenium Trend Plot for 891 COL WELL 
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No Tier I1 VOC exceedances for 88 1 Hillside french drain performance monitoring wells 10592, 10692, 10792, 

10992, and 11092 occurred during 2000. 
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Selenium in well 10592 has historically been above the Tier I1 action level but has been decreasing with time since 

February 1996 as shown by the downward trend line in Figure 4.4- 12. The trend analysis was performed on data 

since February 1996 because prior to that time there was, a considerable hiatus in sample collection. The one early 

data point from December 1992 would tend to skew the regression analysis. No outliers are present in the selenium 

data. 

Figure 4.4-12 Selenium Trend Plot for Well 10592 
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Selenium in well 10792 has been decreasing since January 1999 and is currently at approximately Tier I1 levels 

(Figure 4.4-13). Although the trend analysis shows a slight increase in selenium concentrations, the slope of the 

trend line is statistically insignificant and cannot be differentiated from a zero slope. 
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Figure 4.4-13 Selenium Trend Plot for Well 10792 
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One highly suspect selenium data point was identified as an outlier and was consequently dropped from further trend 

analysis. The high value fell above the upper outer fence on the box and whisker plot (Figure 4.4-14), was detached 

two class intervals on the histogram (Figure 4.4-1 5) ,  and departed a significant distance from the best-fit line on the 

probability plot (Figure 4.4-16). 

Figure 4.4-14 Box and Whisker Plot of Selenium in Well 10792 
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Figure 4.4-15 Histogram of Selenium in Well 10792 

Figure 4.4-16 Probability Plot of Selenium in Well 10792 

Selenium concentrations in well 10992 have been approximately one order of magnitude above Tier I1 action levels 

since sampling began in September 1996 (Figure 4.4-17). Long-term trend analysis indicates a downward or 

negative slope. However, this trend is apparent and statistically insignificant. No outliers are present in the 

selenium data set. 
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Figure 4.4-1 7 Selenium Trend Plot for Well 10992 
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A complete set of analytical data for CY 2000 can be found in the RFCA Groundwater Quarterly Reports. Updated 

hydrographs for downgradient wells 10592, 10692, 10792, 10992, and 11092 are included in Appendix C. Water 

levels in wells 10592 and 10992 have risen slightly as shown by the statistically significant upward trend line while 

water levels wells 10692, 10792, and 11092 have remained fairly constant since the time of installation in 1992. 

4.5 Ryans Pit Source Removal 

The Ryan’s Pit (IHSS 109) Source Removal was the first accelerated source removal action to remediate 

contaminated soils which were contributing to the degradation of groundwater in the area. This section evaluates 

performance of the source removal action per RFCA (RFCA 1996) with regard to groundwater. Ryan’s Pit, also 

known as Trench T-2, is located directly south of the 903 Drum Storage Area at WETS (Figure 4-7). Ryan’s Pit 

was ranked fourth on the IHSS Ranking and Prioritization List because of contaminant chemical concentrations in 

soil, high mobility, and a high potential for further release (RMRS 1997a). 

Ryan’s Pit was approximately 20 feet long, 10 feet wide, and 5 feet deep. The source removal excavation was 32 

feet long, 18 feet wide, and varied in depth from 5.5 to 8 feet (RMRS, 1997a). Ryan’s Pit was used from 

approximately 1966 to 1970 for the disposal of liquid chemical wastes. The wastes were primarily solvents (PCE, 

TCE, and 1,1,1 -TCA), paint thinners (toluene, ethylbenzene, and xylene), diesel fuel, and other construction related 

chemicals. Radiation screening of the wastes was performed and, if identified as non-radioactive, the liquids were 

dumped in the trench. 

The accelerated source removal action included the excavation and treatment of approximately 180 cubic yards of 

soil and debris contaminated with VOCs. The soil and debris was excavated in September 1995, treated in February 

1996 using low temperature thermal desorption treatment technology to remove VOCs, and the project was 
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The accelerated source removal action included the excavation and treatment of approximately 180 cubic yards of 

soil and debris contaminated with VOCs. The soil and debris was excavated in September 1995, treated in February 

I996 using low temperature thermal desorption treatment technology to remove VOCs, and the project was 

completed in September 1996 with the replacement of treated soil. The primary contaminants of concern in 

subsurface soil from Ryan’s Pit were PCE, TCE, and l,l,l-TCA along with additional contaminants summarized in 

the Proposed Action Memorandum (PAM) (RMRS 199%). The Closeout Report for the Remediation. oflndividual 

Hazardous Substance Site 109, Ryan’s Pit (RMRS 1997a) summarizes the source removal action. Excavation 

boundary samples identified VOC contamination in the south wall that was below the Programmatic Preliminary 

Remediation Goals for the source removal at that time (RMRS, 1995 and 1997a), but were above the current Tier I 

subsurface soil action levels (RFCA 1996). These results are summarized in Table 4-1. 
r 

Table 4-1 Ryan’s Pit Excavation Boundary Sample Results 

Well 07391 is part of the IMP and the closest downgradient well to the source removal area. Contaminants of 

concern that are monitored as part of the IMP are 1, 1,l-TCA, PCE, TCE, chloroform, carbon tetrachloride, and 

methylene chloride. Carbon tetrachloride and methylene chloride are not discussed in this section because there 

were no detectable concentrations of these constituents observed in subsurface soils from Ryan’s Pit. However, 

carbon tetrachloride and methylene chloride are contaminants that are known to have originated from the 903 Pad 

Drum Storage Area (see Section 7.2). 

Concentrations of PCE in well 07391 have varied considerably since the well was first sampled in March 1992 

(Figure 4.5-1). These temporal variations appear to be directly related to seasonal fluctuations in groundwater 

levels, which are also shown on Figure 4.5-1. Trend analysis of data collected prior the removal of contaminated 

soil and debris indicates that PCE concentrations have remained fairly constant with time. Although there is a 

downward slope to the trend line, the slope is statistically insignificant and cannot be distinguished from zero. 

Likewise, the trend line for data collected after source material was removed exhibits an upward trend but is 

statistically insignificant because of poor correlation of the data. No outliers were identified during exploratory 

statistical analysis. 
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Figure 4.5-1 Tetrachloroethene Trend Plot for Well 07391 
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TCE concentrations in well 07391 have varied significantly with time and have frequently been two orders of 

magnitude above Tier I action levels. Some of the extreme variation in TCE concentrations may also be related to 

groundwater level fluctuations. Groundwater fluctuations are shown on Figure 4.5-2. Sampling in 2000 indicates 

concentrations are still present above 70,000 pg/L. Although a slight upward trend in the data is discernible, the 

trend is apparent with no statistical significance indicating that TCE concentrations have remained essentially 

unchanged with time. No outliers were detected in exploratory statistical analysis. 

Figure 4.5-2 Trichloroethene Trend Plot for Well 07391 
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Detectable concentrations of 1 , l  , l  -TCA in well 07391 have fluctuated with a maximum of 1700 pgL  in September 

1998 (Figure 4.5-3). Except for a non-detect in August 2000, concentrations have been consistently above Tier I1 
action levels since August 1997. However, despite considerable fluctuations, 1,1,1 -TCE concentrations appear to 

have remained constant. Because of the high proportion of non-detects (50 percent), a trend analysis was not 

conducted. 
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Figure 4.5-3 l,l,l-Trichloroethane Trend Plot fo r  Well 07391 
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One 1 , 1 ,l -TCA value was identified as an outlier during statistical analysis and was excluded from further analysis. 

This suspect value is plotted beyond the lower outer fence on the box and whisker plot (Figure 4.5-4) and is also 

shown as anomalous point on the histogram and probability plot (Figures 4.5-5 and 4.5-6). 

Figure 4.5-4 Box and Whisker Plot of l,l,l-Trichloroetlzane for  Well 07391 
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Figure 4.5-5 Histogram of l,l,l-Trichloroethane for Well 07391 

Figure 4.5-6 Probability Plot of l,l,l-Trichloroethane for  WelI 07391 

Chloroform concentrations in well 07391 have fluctuated substantially with time and have been consistently above 

Tier TI action levels (Figure 4.5-7). Chloroform concentrations have remained fairly constant prior to and after the 

removal of source material in Ryan’s Pit. Statistically, there is no trend to either one of the regression lines. 

4 - 62 



e 

9 -  

2 
I u 
0 

3 - 
-1 

6000 

5000 
& 2 4000 
'3 3000 E 

- 
- 
C 
0 

c) 
C 2 2000 
0 
0 

1000 

0 

* - Upper Inner Fence 
r L v - ,  

,.----.--I x -  A__ 
__ Lower Inner Fence 
- Lower Outer Fence 

a 

01-RF-02107 
2000 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 

Figure 4.5-7 Chloroform Trend Plot for Well 07391 
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One outlier was identified during statistical analysis. The low value (non-detect) is shown on Figures 4.5-8 through 

4.5-1 0). 

Figure 4.5-8 Box and Whisker Plot of Chloroform for Well 07391 
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Figure4.5-9 Histogram of Cltloroform for Well 07391 

Figure 4.5-10 Probability Plot of CI2loroform for Well 07391 
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In addition to the VOCs discussed above, elevated activities of U-235 (Figure 4.5-1 1) and U-238 (Figure 4.5-12) 

have been observed in well 07391. Uranium-235 activities appear to exhibit a statistically significant downward 

trend up to September 1996 when the source material in Trench T-2 was removed. However, post treatment data 

indicate increasing activities as illustrated by the upward and positive slope to the trend line. Uranium-235 data 

collected in 2000 exceed background activities (M2SD = 1.79 pCi/L). Exploratory statistical analysis indicates 

there are no outliers in U-235 data. 

A similar trend occurs in the U-238 data where activities appear to decrease prior to the accelerated source removal 

action (Figure 4.5-1 1). However, the significance level (p value) for the slope of this t r e n d h e  is greater than the 

prescribed error commonly set at 0.05 (Le,, equivalent to a 95 percent confidence level). Instead of being 95 percent 

confident that the slope is negative, the confidence level for this negative slope has been reduced to 90 percent. 

With the exception of the first sample, U-238 activities during this time period have been below the U-238 

background level. 
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Uranium-238 activities subsequent to the source removal action show an upward increasing trend that is statistically 

significant. In addition, activities during this time interval generally exceed U-238 background levels. No outliers 

were identified during statistical analysis. 

Figure 4.5-11 Uranium U-235 Trend Plot for Well 07391 With Error Bars (note Use of 
Background M2SD for Comparison-Not Tier 11 Action Level) 
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Figure 4.5-11 Uranium U-238 Trend Plot for Well 07391 With Error Bars (note Use of 
Background M2SD for Comparison-Not Tier 11 Action Level) 
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No activities above background levels were observed in well 07391 for U-2331234 and americium-241 isotopes. 

Plutonium-238/239 activities have been consistently below background levels since March 1995. 
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In summary, concentrations of VOCs emanating from Ryan’s Pit and observed in downgradient well 07391 have 

generally remained constant with time. Statistical analysis of these contaminants indicates there has been no 

significant trend to the data either before or after treatment of the contaminated source material occurred. 

Monitoring of this well will continue until VOC concentrations decrease to acceptable levels. In contrast, sampling 

and analysis of U-isotopes such as U-235 and U-238 indicates that activities have increased with a statistically 

significant upward trend. 

. 
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5.0BUlLDlNG D&D MONITORING 

The DOE decontamination and decommissioning (D&D) process is the sequence of events that occurs in the 

disposition of surplus DOE facilities. D&D is primarily concerned with decontamination, dismantling, removal, or 

entombment of the surplus facilities. The primary tasks associated with D&D are: 

0 Surveillance and maintenance 

0 Assessment and characterization 

0 Environmental review 

0 Close out 

Activities associated with these tasks involve the removal of fixed materials (including residual constituents of 

concern), equipment, piping, tanks, ducts, ceilings and other internal building structures, and the buildings 

themselves. In general, implementation of D&D will be performed in phases, allowing alternative interim use of 

most buildings before the final decommissioning of the buildings (DOE 1994b). 

Building specific D&D activities involve three major steps: 

0 Deactivation of building processes 

Demolition of building structures 

Remediation of building foundations and surroundings 

The IMP outlines groundwater monitoring activities established to ensure that building D&D activities do not 

inadvertently impact surface water by degrading groundwater beneath or in contact with the base of the demolished 

buildings. The required groundwater monitoring will provide the data necessary to determine if the precautions and 

actions taken during D&D have prevented or allowed migration of contaminants to groundwater. If existing 

information (generally a knowledge of historical building activity and use) regarding a proposed D&D activity 

indicates the potential to contaminate groundwater, then a pre-D&D groundwater baseline will be established for 

that building. Exceedances to this baseline are defined as detected concentrations greater than the mean + 2 standard 

deviations (M2SD) above the baseline (K-H 1998b). 

Based on the IMP, a minimum of four groundwater sampling events are required to enable determination of a unique 

groundwater chemistry baseline for each building that will undergo D&D groundwater monitoring. Historically, 

two D&D groundwater monitoring rounds have been attempted per year at each building or building complex. The 

D&D groundwater monitoring schedule may become accelerated for a given building if it is determined that D&D 
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of that building has become accelerated or for specific areas at WETS where groundwater sample aliquots are 

difficult to collect because of dry conditions. @ 
Monitoring is being accomplished by the installation of D&D monitoring wells adjacent to the specific buildings. 

These wells, in conjunction with appropriately located preexisting wells, will provide the data used to construct the 

baseline, and will also be utilized.for future D&D monitoring of the building specific impacts, if any, on 

downgradient groundwater quality. As long as time permits, baseline determination will be based on current and 

future data. I f  the D&D schedule for a given building becomes accelerated, preexisting monitoring wells in the 

vicinity of the building may be utilized, as the I M A M  suggests, for determination of the baseline utilizing sampling 

data from the previous three years. 

If a baseline cannot be established, water quality with respect to a given building will be evaluated in terms of an 

upgradienddowngradient comparison of groundwater quality. Analytes will be screened in terms of concentrations 

relative to Tier 1 and Tier I1 groundwater action levels, which is an effective method for determining contaminants 

of concern. The Tier I and Tier I1 levels are used only as a screening tool in this instance and are not RFCA or 

compliance driven with regard to building D&D. Occasionally, an analyte is discussed or listed in a table even 

though it may be found in concentrations that are below Tier I1 action levels. This is only done on a case by case 

basis for analytes that are contaminants of concern for specific buildings. L 

Building demolition is described in terms of the fiscal year (FY) that the demolition is projected to take place. 

Following is the current estimated schedule for demolition of buildings discussed in this section. Note that Building 

123 and Building 779 have previously been demolished: 

Building 444 - mid to late FY 2004 

Building 77 1 complex - early to mid FY 2004 

Building 886 - late FY 2003 to early FY 2004 

0 Building 707 - late FY 2005 

Building 7761777 - late FY 2003 

Building 371/374 - early to mid FY 2006 
b 

Building 865 - mid FY 2005 

0 Building 883 - mid FY 2005 

Building 88 1 - mid FY 2005 

0 Building 991 - late FY 2004 to early FY 2005 - 

0 0 Building 559 - early FY 2005 
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Building D&D Monitoring is a relatively new section of the Annual RFCA Groundwater Monitoring Report. It will 

be expanded during each successive year to incorporate the D&D groundwater activities for that calendar year. The 

Section 5.0 subsections are organized by the particular buildings, as described in various Agency approved 

Sampling and Analysis Plans (SAPS) for Building D&D Groundwater Monitoring. The subsections below discuss 

historical D&D activities through 2000 for Building 123 (Section 5.1), Building 444 (Section 5.2), Building 771 

(Section 5.3), Building 886 (Section 5.4), Building 779 (Section 5.5), Building 707 (Section 5.6), and Building 

776/777 (Section 5.7). Buildings 371/374, 865, 883, 881,991 and 559 are discussed in the same subsection (Section 

5.8) because there has been no D&D groundwater monitoring data collected for them through CY 2000. 

0 

5.1 Building 123 

Building 123, used as a laboratory for bioassay, dosimetry, and water quality parameter analyses, was located on 

Central Avenue between Third and Fourth Streets at WETS. The building underwent D&D activities and was 

ultimately demolished in 1998. All that remains is the concrete building foundation. Subsequent to demolition, six 

monitoring wells (10098-10598) were installed with a Geoprobe rig immediately adjacent to the building 

foundation. Wells 10098 and 10198 are upgradient. The rest of the wells are downgradient, with well 10598 

potentially being cross gradient. The purpose of these wells was twofold. First, to assess the potential impact of 

D&D activities on local groundwater quality and, second, to prepare an IHSS ranking for prioritizing the Building 

123 site on the ERranking list. This report is only concerned with the first of these two purposes. Figure 5-1 

presents the location of Building 123 and associated D&D monitoring wells. a 
As described above, four sampling events are required to collect a data set to be used for determination of a unique 

baseline for each building which will undergo D&D groundwater monitoring. Unfortunately, the schedule for 

Building 123 D&D became accelerated and it was not possible to collect the required amount of pre-demolition data 

to derive baseline values for the site D&D wells. In addition, there were not an appropriate number or distribution 

of existing monitoring wells in the vicinity of Building 123 to use for baseline determination utilizing historic 

sampling data. Through 2000, five sampling rounds have been completed at the Building 123 D&D monitoring 

wells. One sampling round, post demolition, was completed at the Building 123 D&D monitoring wells during 

1998. Two sampling rounds each, one in the 1'' quarter and one in the 3rd quarter, were completed during 1999 and. 

2000. 

Because a baseline cannot be established, water quality with respect to Building 123 must be evaluated in terms of 

an upgradient/downgradient comparison of water quality. Analytes at Building 123 have been screened in terms of 

concentrations relative to Tier I and Tier I1 groundwater action levels. The Tier I and Tier I1 levels are only used as 

a screening tool and are not RFCA or compliance driven. 

Table 5- 1 presents a summary of historical Building 123 D&D groundwater monitoring data. The results of the five 

D&D groundwater sampling rounds completed at Building 123 to date indicate that metals analyses have exhibited 

no results above Tier I1 action levels in any of the Building 123 wells. There were no analyte concentrations greater 

than Tier I action levels for nitrate or U-isotopes; only an isolated Tier 1 exceedance for PCE in February 2000 in 
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well 10498. The only concentrations greater than the Tier I1 action level for PCE (five samples, fall 1998 through 

2000) and nitrate (in fall 1998, spring 1999, fall 2000) occurred in downgradient monitoring well 10498. All of the 

downgradient wells and one upgradient well (1 0098) have at least one result concentration greater than the Tier I1 

action levels but below background M2SDs for U-isotopes. 
* 

A linear groundwater flow velocity of 167 Wyr (1.609E-04 cm/sec) was calculated between upgradient well 101 98 

and downgradient well 10398 utilizing 2"d quarter 2000 water level data. Hydraulic conductivity (Rocky Flats 

Alluvium) and effective porosity values were used as described in Section 3.2 of this RFCA Annual Report. This 

flow velocity would allow groundwater to travel from well 101 98 to well 10398 in approximately 1.3 years. Actual 

contaminant travel times can be expected to be slightly longer for weakly retarded contaminants, such as VOCs, 

U-isotopes, and nitrate. 

In conclusion, there are no Building 123 upgradient VOC or nitrate concentrations which are greater than Tier 11 

action levels compared to downgradient PCE concentrations (well 10498) that are greater than Tier I and Tier I1 

action levels and downgradient nitrate concentrations (well 10498) greater than Tier I1 action levels. For uranium 

isotopes U-233/234 and U-23 8 there were activity concentrations above Tier I1 but below background M2SDs in 

upgradient well 10098 that are similar to activity concentrations for these analytes in three downgradient wells 

(10298, 10398, and 10498). Monitoring wells 10198 and 10598 are unaffected to date by PCE, nitrate, and U- 

isotopes. Downgradient monitoring well 10498 is the most impacted well to date at Building 123. The geologic log 

for this well indicates that it may be installed in a utility corridor. 
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Table 5-1 Historical Building 123 D&D Groundwater Monitoring Data 

10198 

10298 

10398 

10498 

10598 

Notes: Concentr 

Upgradient 

Upgradient 

Downgradient 

Downgradient 

Downgradient 

Upgradient/ 
Crossgradient 

ions greater than 'I 

8/98 
2/99 
8/99 
2/00 
8/00 

8/98 
2/99 
8/99 
2/00 
8/00 

8/98 
2/99 
8/99 
2/00 
8/00 

8/98 
2/99 
8/99 
2/00 

8-9/00 

8/98 
2/99 
8/99 
2/00 
8/00 

8/98 
3/99 
8/99 
2/00 
8/00 

I1 shown in B 

U 
U 
U 
U 

0.1 

U 
U 
U 
U 
U 

U 
U 
U 
U 
U 

U 
U 
0.1 
U 
U 

15 
58.9 
24 

1400 
15 

U 
U 
U 
U 
U 

Concentrations ; 

1.4 
4.9 
4.3 
3.4 
2.9 

1.5 
0.97 
2.4 
1.7 

0.75 

0.6 1 
0.84 

3 
1.8 
3 

r N s w  
rNsw 
r N s w  

5.1 
4.1 

25 
17 
6.8 
6.9 
10 

3.7 
2.6 
0.37 
3.3 
I .5 

ater than Tier I SI 

1.13 
r N s w  
1.32 
1.19 
1.21 

msw 
INS w 
0.25 1 
0.393 
0.229 

1.08 
rNsw 
0.40 

0.682 
0.976 

rNsw 
msw 
1.264 
rNsw 
INSW 

1.08 
2.02 
0.964 
1.15 
1.14 

U 
U 
U 
U 
U 

wn in Italicized 1 

1.08 
INSW 
1.103 
0.999 
0.920 

rNsw 
INSW 
0.233 
0.35 1 
0.227 

1.10 
INSW 
0.568 
0.763 
0.69 

r N s w  
MSW 
1.007 
rNsw 
rNsw 
1.22 
1.51 

0.522 
1.19 
1.10 

0.236 
U 
U 
U 
U 

1, MSW = insufl :ient water 
I 

available for sample collection, U = non detect 

5.2 Building 444 

The Sampling and Analysis Plan for the D&D monitoring of the Building 444 cluster was initiated during late 1998. 

The Final SAP (RMRS 19990) was submitted to the Agencies in July 1999. The D&D monitoring wells associated 

with the building were installed before the end of 1999. Building 444 complex is currently scheduled for demolition 

in 2004. This will allow adequate time to construct a groundwater chemistry baseline for these facilities. 

Building 444 is located on the south side of Cottonwood Avenue b p e e n  Fourth and Sixth Streets at WETS. The 

Building 444 cluster was used for the manufacturing of depleted uranium and beryllium components, and did not 
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handle plutonium or enriched uranium. Major processes conducted in the building included machining, welding, 

and cleaning. Building 444 also contained a foundry and a laboratory where parts could be etched, electroplated, 

and coated. Uranium and beryllium are the major constituents that were used in the building. In addition, solvents 

from machining and cleaning, and other wastes associated with electroplating were generated. Figure 5-2 presents 

the location of the Building 444 cluster and the D&D groundwater monitoring wells associated with it. 

Six new D&D monitoring wells were installed at Building 444 during the fall of 1999 (40099 - 40499, and 41299). 

Wells 40099 and 40199 are upgradient wells, and the rest, in addition to preexisting well P419689, are downgradient 

wells. Except for monitoring well P419689, Building 444 D&D monitoring wells had generally only been sampled 

three times through CY 2000. Preexisting well P419689 had no groundwater samples collected from it between 

12/96 and 11/99 (a D&D groundwater sampling round); therefore, the three years of data previous to 1999 are not 

available for baseline consideration. Until a geochemical baseline is established for groundwater in the vicinity of 

Building 444, analytes have been screened in terms of concentrations relative to Tier I and Tier I1 groundwater 

action levels. The Tier I and Tier I1 action levels are only used as a screening tool and are not RFCA or compliance 

driven. 

Table 5-2 presents a summary of results of D&D groundwater monitoring at the Building 444 cluster to date. 

Earlier well P419689 data is included for comparison to the recent D&D data. The results of the D&D sampling 

completed through 2000 indicate that there are no Tier I exceedances for nitrates or metals from any Building 444 

monitoring well. Monitoring well 40099, which is an upgradient well, has concentrations of TCE that exceed the 

Tier I action level for all three D&D sampling rounds completed through CY 2000. This well also exhibits 

concentrations greater than the Tier I1 action level for 1,l -DCE, 1,2-DCE and PCE for all three D&D sampling 

rounds completed through CY 2000. The analyte most commonly detected is PCE. Five wells (40099,40299, 

40499,4 1299, and P4 19689) exhibited concentrations greater than the Tier I1 action level for PCE for all three D&D 

sampling rounds completed to date. The concentrations of PCE in downgradient well 4 1299 were approximately an 

order of magnitude higher than the other wells that contained PCE. This well was also the only other Building 444 

D&D well to exhibit at least one result with a concentration greater than the Tier I1 action level for every one of the 

VOCs listed in Table 5-2. Wells 40199 and 40399 had no detections of VOCs above Tier I1 action levels. All the 

VOC detections in these two wells were extremely low concentrations. Wells 40199,41299, and P419689 

exhibited concentrations greater than Tier I1 action levels but below the Site M2SDs of 60.7 pCVL and 41.8 pCiL 

for U-233/234 and U-238, respectively. The only metal concentrations over Tier I1 action levels were for thallium. 
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Table 5-2 Historical Building 444 D&D Groundwater Monitoring Data 

Upgradient 5/00 
12/00 

40 199 1 1/99 
Upgradient 5/00 

1 1/00 

40299 1 1/99 
Downgradient 5/00 

12/00 

40399 11/99 
Downgradient 5/00 

12/00 

40499 1 1/99 
Downgradient 5/00 

11/00 

4 1299 1 1/99 
Downgradient 5/00 

12/00 

P419689 3-4/96 
Downgradient 9/96 

12/96 
1 1/99 
5/00 
12/00 

Notes: Concentrations greater 

190 650. 18 
538 1310 41 

U U '  0.9 
U U 0.5 
U U 0.74 

2 8 34 
4 11 37 

3.6 10.5 77.5 

U 0.5 0.5 
U 0.8 0.7 
U 0.92 0.69 

0.2 11 13 
0.1 4 7 
U 4.9 8.3 

16 48 290 
9 89 280 
10 31.4 216 

1 5 17 
1 4 12 

NA NA NA 
1 7 16 
1 6 17 
1 7.1 18.5 

m Tier I1 shown in Bold, Concentrations greater I 

500 U '  
1340 3.45(B) 

0.1 U 
U U 
U 4.64 

2 U 
13 U 
2.1 U 

0.2 U 
0.2 U 

1 U 

3 U 
2 U 
1.9 U 

33 U 
77 U 

27.2 5.37 

2 NA 
1 6.3(B) 

NA 7.2(B) 
2 U 
2 U 

2.3 U 
! 

m Tier I shown in Italicized Bo1 

0.176 
0.332 
0.270 

1.224 
0.5 12 
1.10 

0.410 
0.553 
0.250 

0.165 
0.187 
0.20 

0.381 
0.236 
0.091 

1.797 
1.891 
1.30 

1.315 
NA 

1.174 
0.733 
0.888 
0.420 

U = non deteci 
Analyte detected in the Method Blank, NA = Not Analyzed 

In addition to the results discussed above, the following detections, which are greater than the Tier I1 action levels 

for the specific analytes, have occurred in Building 444 D&D downgradient monitoring well 41299. 

Uranium-238 was detected at concentrations of 1.047 pCi/L and 0.787 pCiL in December 1999 and May 2000, 

respectively. 

Chromium was detected at concentrations of 370 p g L  and 462 pgIL in May and December 2000, respectively. 

In conclusion, there were not enough D&D groundwater monitoring sampling events completed through CY 2000 to 

establish baseline analyte concentrations for any of the Building 444 wells. Upgradient versus downgradient well 

comparisons are not warranted at the Building 444 cluster because the buildings have not yet been demolished. 

Even though upgradient well 40099 contains TCE in concentrations which are greater than the Tier I action level, 
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and relatively high levels of other VOCs, downgradient well 41299 appears to be the most impacted D&D 

monitoring well at the Building 444 cluster. In addition to VOCs, metals and U-isotopes have impacted well 41299. 

Monitoring well 40399 is the only well without a concentration of any analyte that is greater than a Tier I1 action 

level. Nitrate does not appear to be an issue for the Building 444 cluster. 

5.3 Building 771 

The Sampling and Analysis Plan for the D&D monitoring of the Building 771 cluster was initiated during late 1998. 

The SAP (FWRS 19990) was submitted Final to the Agencies in July 1999. The D&D monitoring wells associated 

with the building were installed before the end of 1999. The Building 77 1 cluster, including Buildings 77 1 C and 

774, is currently scheduled for demolition in 2004. 

The Building 77 1 cluster is located in the former PA, at the northeast end of the diagonal road, immediately south of 

the PACS-3 entrance to the former PA. Building 77 1 was the plutonium component production facility at Rocky 

Flats from 1953 through 1957. After 1957 the building was used for the chemical recovery of plutonium and 

americium from manufacturing residues and scrap metal. The building also contained a laundry. Building 774 is 

part of the Building 771 complex and is located approximately 200 feet east of Building 77 1. Building 77 1 C 

connects Buildings 771 and 774. Building 774 was used for the treatment of radioactive aqueous waste, waste oils, 

and non-radioactive photography solutions. Buildings 77 1C and 774 are to be decommissioned along with Building 

771. Plutonium, americium, and solvents are the major contaminants of concern. Figure 5-3 presents the location of 

Building 771, including Buildings 771C and 774, and the D&D groundwater monitoring wells associated with them. 

The alluvial deposits are very thin in the vicinity of the Building 771 complex. The northern portion of the Building 

771 foundation is situated in weathered bedrock. In addition, a foundation drain encircles the entirety of Building 

771 and most of Building 774. These circumstances combine to allow for very little available groundwater for 

sample collection. Future groundwater availability combined with the actual D&D date for the Building 77 1 

complex will determine if analyte baselines are able to be calculated or if an upgradient versus downgradient well 

comparison will be the appropriate way to monitor building D&D impacts to groundwater, if any. Compounding 

this situation is the fact that the D&D of the Building 771 complex is probably going to destroy most of the currently 

utilized Building 771 D&D wells. The Groundwater Program is evaluating existing wells, located farther away 

from the Building 77 1 complex, that can potentially be used for future D&D monitoring. 

., 

Six new D&D monitoring wells (40599 through 40899,41499, and 41599) were installed at the Building 771 area 

during the fall of 1999. Monitoring well 40899 and preexisting wells 18199 (associated with IHSS 118.1) and 

20998 are upgradient D&D wells. Wells 40599,40699,40799,41499, and 41599 are downgradient D&D wells. In 

addition, based on a post D&D well installation building walk down and recent insight into prior Building 774 

operations, preexisting well P219089 has been added to the Building 771 complex D&D well list. This well, located 

on the north side of Building 774, will serve as an additional downgradient well; it was incorporated into the project 

as a D&D well through the IMP. 
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Only preexisting wells 20998 and 18199 (associated with IHSS 1 18.1) produced any samples through CY 1999. 

The six D&D monitoring wells installed in the fall of 1999 at Building 771 failed to produce enough water for any 

samples to be collected from them during the 4" quarter of 1999. Of these six wells, only wells 40799 and 41499 

produced enough water for a 2"d quarter and a 4* quarter 2000 VOC sample. The rest of the new wells, except for 

well 40899, only produced enough water for a 4* quarter VOC sample. Well 40899 has not produced enough water 

for a sample to be collected from it through CY 2000. Tritium samples were also collected from wells 40599 and 

41499 in the 4* quarter 2000, and from well 40799 in the 2"d and 4* quarters of 2000. These sampling results are 

further evidence of the lack of groundwater in this area. 

0 

Table 5-3 presents Building 771 complex D&D monitoring results to date. Until a geochemical baseline is 

established for groundwater in the vicinity of Building 77 1 ,  analytes will be discussed in terms of concentrations 

relative to Tier I and Tier I1 groundwater action levels. The Tier I and Tier I1 action levels are only used as a 

screening tool and are not RFCA or compliance driven. 

Six sets of VOC samples have been collected from preexisting upgradient monitoring well 18199 since spring 1999. 

The earlier sampling round data from well 18199 is presented in Table 5-3 for comparison to the recent D&D data. 

This well has yielded carbon tetrachloride concentrations greater than the Tier I action level and chloroform 

concentrations greater than the Tier I1 action level for each of the six sampling events. In addition, concentrations 

greater than the Tier I1 action level for PCE were observed in five out of the six events; the exception was a non- 

detect in March 2000. Other analyte concentrations above Tier I1 action levels at well 18199 include 

hexachloroethane at 12.6 pg/L and 17 pg/L in March and September of 1999, respectively; vinyl chloride at 120 

pg/L in September 1999; and thallium at 8.23 pgL in December 2000. There were no nitrate concentrations greater 

than the Tier I1 action level in any samples collected fiom well 18 199. 

0 
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Table 5-3 Historical Building 771 D&D Groundwater Monitoring Data 

20998 

40599 

40699 

40799 

40899 

4 1499 

4 1599 

P2 19089 

Notes: Concentl 

Upgradient 

Upgradient 

Downgradient 

Downgradient 

Downgradient 

Upgradient 

Downgradient 

Downgradient 

Downgradient 

ions greater than T 

3/99 15,400 37.6 2200(B) 
9/99 

12/99 
3/00 
5/00 
12/00 

9/98 
4/99 
6/00 

1 1/00 

1 1/00 

5/00 
1 1/00 

None 

5/00 
11/00 

11/00 

1 1/00 

I1 shown in 

14,000 

25,300 
39,000 
17,000 
27,300 

42 
48 
150 

_ _ _ _ _ _ _ _ _ _  
U 
U 

U 

U 

)Id. Concentrati 

39 

60.4 
U 
91 

63.7 

U 
0.3 
U 

4 

2 

0.1 
U 

_________- 

U 
4.5 

2.4 

0.53 

i greater thar 

2400 

3790 
5200 
3900 
41 10 

130 
28 
130 

6.8 

2 

0.1 
U 

U 

U 

ier I shown in Italii 

Hexachloroethane 12.6 
Hexachloroethane 17 
Vinyl Chloride 120 

---------- 
--_-___--- 
--________ 

Thallium 8.23 

1,l -Dichloroethene 389 

TCE 53 
TCE 74.4 

U-2331234 9.10 pCi/L 
U-238 6.40 pCi/L 

:ed Bold, U = non detect, 
(B) = Analyte detected & the Method Blank, CClr =carbon tetrachloride 

Results from preexisting upgradient well 20998 indicate carbon tetrachloride concentrations greater than Tier I1 in 

September 1998, April 1999, and June 2000, as well as chloroform concentrations greater than Tier I1 in September 

1998 and June 2000. Only VOCs were analyzed in these samples. 

The only concentrations greater than Tier I1 action levels in the six new Building 77 1 D&D wells and preexisting 

well P219089 are listed in the far right column of Table 5-3. These include 1,l-DCE (389 pa) in downgradient 

well 40699 in November 2000, TCE in downgradient well 41499 in May (53 pa) and November (74.4 &L) 

2000, and U-2331234 (9.10 pCi/L) and U-238 (6.40 pCiL) in well P219089 in November 2000. These uranium 

results are below the U-2331234 and U-238 site background values (M2SDs) of 60.7 pCi/L and 41.8 pCi/L, 

respectively. There was also a tritium detection of 437 pCiL (below Tier 11) at well 40799 in May 2000. 

D&D well 20998 is currently being monitored as part of the Building 771 network. However, since well 21098 is 

close to 20998 and serves other monitoring functions, and is in a better location to monitor upgradient groundwater 

conditions, it should be used instead of well 20998 for the D&D monitoring of Building 77 1. 

5 -  10 



0 I -RF-0210 7 
2000 Annual Rocky Fiats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 

In conclusion, there were not enough D&D groundwater monitoring sampling events completed through CY 2000 to 

establish baseline analyte concentrations for any of the Building 77 1 wells except monitoring well 18 199 (for 

specific VOCs only; carbon tetrachloride, chloroform, and PCE). These baselines will be calculated when enough 

additional data is available to calculate analyte baselines for other Building 771 D&D wells. Upgradient versus 

downgradient well comparisons are not warranted at Building 77 1 because the building has not yet been demolished. 

Nitrate does not appear to be an issue for Building 77 I .  

Upgradient monitoring well 18199 contains carbon tetrachloride in concentrations that are greater than the Tier I 

action level, and relatively high levels of chloroform. The source for this contamination is IHSS 1 18.1, which is 

approximately sixty feet upgradient of well 18 199. We do not see appreciable carbon tetrachloride in downgradient 

wells at Building 771 and, in addition, currently have very little groundwater in these wells. It can be surmised that 

the extensive footing drain systems for Buildings 77 1 and 774 are intercepting a large amount of upgradient 

groundwater that may have significant VOC contamination. 

Efforts to determine the location and extent of the footing drains for Buildings 77 1 and 774 have only provided 

partial information on where they outfall. One footing drain for Building 771, location 771-FDOUT #2 is a footing 

drain outfall with minor amounts of water and low levels of carbon tetrachloride. Samples from manholes 

77 lNWMANHOLE and 77 INWMANHOLE#3 showed appreciable flow but no detections of carbon tetrachloride. 

A literature review and walkdown of the Bowman's Pond area has determined that there are four outfalls in the area. 

Three of these outfalls are probably tied to Building 774 footing drains. The fourth outfall, which is the farthest west 

of the four, may receive contributions from Building 771 footing drains. The Bowman's Pond evaluation project 

was conducted in 1999 to evaluate the sediments in the pond for possible remediation (see 1999 RFCA Annual 

Groundwater Report). Surface water samples from the pond showed concentrations of carbon tetrachloride that 

range from 5 - 2 1 p a .  A grab sample from each of the footing drain outfalls collected in May 200 1 showed 18 

pg/L of carbon tetrachloride in the westemmost footing drain outfall. Given that these drains provide a direct 

conduit to surface water, it is proposed to collect an additional round of samples from these drains, preferably during 

storm and non-storm events. Based on the results obtained, one or more of these drains may be recommended for 

inclusion in the D&D monitoring for Buildings 7711774. 

5.4 Building 886 

The Sampling and Analysis Plan for the D&D monitoring of Building 886 was initiated during late 1998. The SAP 

(RMRS 19990) was submitted Final to the Agencies in July 1999. The D&D monitoring wells associated with the 

building were installed before the end of 1999. Building 886 is currently scheduled for demolition in late 2003 and 

early 2004. This should allow adequate time to construct a groundwater chemistry baseline for the monitoring wells 

at this building. 

Building 886 is located on the south side of Central Avenue at RFETS, approximately 300 feet southeast of the 

PACS-I entrance to the former PA. The building was first occupied in 1965 and housed the Critical Mass 

Laboratory that was used to conduct criticality experiments for nuclear safety research and development. 
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Plutonium, uranium, and nitrate were considered to be the contaminants of concern at Building 886 based on 

research of historical practices at the building. Figure 5-4 presents the location of Building 886 and the D&D 

groundwater monitoring wells associated with it. e 
Three new D&D monitoring wells (40999,41099, and 41 199) were installed at Building 886 during the fall of 199 

Well 40999 and preexisting well P3 17989 are upgradient D&D wells. Wells 4 1099,4 1 199, and preexisting well 

22996 are downgradient D&D wells. Three D&D sampling rounds were completed at Building 886 through CY 

2000. Preexisting well P317989 had no groundwater samples collected from it between 3/21/95 and 11/10/99 (a 

D&D groundwater sampling round); therefore, the previous three years of data are not available for D&D 

groundwater chemistry baseline consideration. Groundwater data have been collected from well 22996 for the 3rd 

and 4* quarters of 1996, the 1" and 3rd quarters of 1998, the I", 3rd, and 4* quarters of 1999, and I", 2nd, and 4* 

quarters of 2000. 

Table 5-4 presents a summary of Building 886 D&D groundwater monitoring data collected through CY 2000. 

Monitoring well 22996 data collected before commencement of D&D sampling at Building 886 is also presented in 

Table 5-4 for comparison to the more recent D&D data. Until a geochemical baseline is established for Building 

886, analytes will be discussed in terms of concentrations relative to Tier I and Tier I1 groundwater action levels. 

The Tier I and Tier I1 action levels are only used as a screening tool and are not RFCA or compliance driven. 

The results of the three D&D sampling rounds completed at Building 886 through CY 2000 indicate there were no 

concentrations of any analytes greater than Tier I action levels. Concentrations greater than Tier I1 action levels exist 

for U-233/234 and U-238 for every Building 886 D&D monitoring well for every sampling round that produced 

enough water for a U-isotope sample. In addition, U-235 concentrations greater than the Tier I1 action levels were 

found in all U-isotope samples collected from upgradient well P3 17989 and downgradient well 41099. All of the U- 

isotope results are below the U-233/234 and U-238 site background values (M2SDs) of 60.7 pCiL and 41.8 pCi/L, 

respectively, although the concentrations in P3 17989 and 41099 approach the M2SD values. 

Samples from downgradient well 41099 contained nitrate concentrations greater than the Tier I1 action level for 

every D&D sampling round completed to date. No other Building 886 D&D well has nitrate concentrations that 

approach the Tier I1 action level. The only VOC detections at any Building 886 D&D well are very low 

concentrations of PCE in upgradient well 40999 (0.2 pgL) and downgradient well 41 199 (2.0 pgL) ,  and TCE in 

well 22996 (range 0.7 - 1 .O pgL). Metals results indicate that upgradient well P3 17989 has been impacted by 

selenium in concentrations greater than the Tier I1 action levels; downgradient well 41099 has been impacted by 

cadmium and thallium in concentrations greater than the Tier I1 action levels. 

In conclusion, there were not enough D&D groundwater monitoring sampling events completed through CY 2000 

to establish baseline analyte concentrations for any of the Building 886 wells except monitoring well 22996 (for U- 

2331234 and U-238). These baselines will be calculated when enough additional data is available to calculate 

analyte baselines for other Building 886 D&D wells. Upgradient versus downgradient well comparisons are not * 
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warranted at Building 886 because the building has not yet been demolished. At this time, nitrate and VOCs do not 

appear to be a pre-D&D issue for Building 886, e 
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Table 5-4 Historical Building 886 D&D Groundwater Monitoring Data 

40999 

P3 17989 

4 1099 

41 199 

22996 

Notes: Concen 

Upgradient 

Upgradient 

Downgradient 

Downgradient 

Downgradient 

itrations greater than 

11/99 
6/00 
1 1/00 

1 1/99 
6/00 
12/00 

1 1/99 

6/00 
1 1/00 

11/99 
6/00 
11/00 

8/96 
1 1/96 
3/98 
8/98 
2/99 
8/99 
1 1/99 
2/00 
6/00 
12/00 
- 
ier I1 

8.883 
10.70 
10.0 

INSW 
51.10 
INSW 

51.65 

45.50 
42.0 

10.74 
8.39 
8.60 

2.335 
2.325 
3.01 
2.86 
3.573 
3.38 
3.58 
3.598 
4.62 
2.30 

-- 
shown in Bold, 

- 
Conce 

6.807 I Cadmium 4.1 
7.83 rNsw 
8.30 r N s w  

rNSW Selenium 121 
38.50 Selenium 120 
INSW Cadmium 2.45 

Selenium 128 

33.77 Cadmium 2.3 
Selenium 12.3 

27-10 Cadmium 5.4 
27.0 Cadmium 5.43 

Selenium 4.15 
Thallium 4.89 

3.997 Cadmium 1.6 
4.33 Selenium 3.2 
3.70 ----- 

2.13 
1.836 
2.68 
2.40 

3.01 1 
2.48 
2.399 
2.509 
3.02 
1.60 

Cadmium 4.6(B) 
Thallium 7.8(B) 

NA 
NA 

Selenium 2.7(B) 
Selenium 1.4(B) 
Selenium 2(B) 

Selenium 1.5(B) 
Selenium 2.8 (B) 

----- 

ations greater than Tier I shown in It 

U 
0.54 

INSW 

3.8 
INSW 
rNsw 

47 

47 
36 

1.5 
5.6 

INSW 

1.9 * 

0.65 
NA 
NA 
NA 
NA 
3.3 

INSW 
4.2 
0.9 

cized Bold, 

U-235 2.316 

U-235 1.41 
U-23 5 -1.40 

_---- 
-_--- 
----- 
----- 

TCE 0.99 

TCE 0.7 
TCE 1.0 
TCE 1.0 

' TCE 0.7 

----- 

I = non detect, 
(B) = Analyte detected in the Method Blank, NA = not analyzed, INSW =Insufficient water available for sample collection 

5.5 Building 779 

Building 779, placed into service in 1969, housed minor production and plutonium recovery operations but was 

primarily a research and development facility. Some metal parts were assembled in this building and bulk 

plutonium residues were recovered (DOE 1992a). The remainder of the operations conducted in Building 779 were 

research and development activities which included the following operations: pyrochemical technology, coatings, 

plutonium and non-plutonium physical metallurgy, chemical technology in support of plutonium recovery 

operations in Building 771, and product physical chemistry (DOE 1992a). The building, located in the former PA 

approximately 200 feet south of the westernmost Solar Pond, was demolished in 1999. 

Three D&D monitoring wells, 02297,02397, and 02497 were installed in 1997. Well 02397 is for upgradient D&D 

monitoring; wells 02297 and 02497 were for downgradient D&D monitoring. However, during building D&D 

activities in late 1999, monitoring well 02297 was destroyed; it was replaced in 2000 with downgradient monitoring 
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well 02500. Monitoring well 02500 is similar in well construction to well 02297 and, therefore, D&D monitoring 

data from that location includes previous data collected from well 02297. In addition, at the request of CDPHE, 

another new D&D well, 00100, was added to the program during 2000. This well, located near the northeast comer 

of Building 779, is a relatively deep well (approximately 32 feet bgs) positioned to monitor groundwater quality 

downgradient of the Building 779 basement and sub-basement. 

e 
As described above in the introduction to Section 5.0, a minimum of four sampling events are required to collect a 

data set to be used for determination of a unique baseline for each building which will undergo D&D groundwater 

monitoring. Unfortunately, in addition to the destroyed monitoring well (02297), the construction of its replacement 

well (02500) and additional basement monitoring well (OOlOO), the schedule for Building 779 D&D became 

accelerated and it was not possible to collect the required amount of pre-demolition data to derive baseline values 

for the D&D wells. In addition, there were not an appropriate number or distribution of preexisting monitoiing 

wells in the vicinity of Building 779 to sample for collection of baseline data utilizing the previous three years 

sampling data. Figure 5-5 presents the building location and the associated D&D monitoring wells. . 

Because a baseline cannot be established, water quality with respect to Building 779 must be evaluated in terms of 

an upgradienUdowngradient comparison. Analytes at Building 779 have been screened in terms of concentrations 

relative to Tier I and Tier I1 groundwater action levels. The Tier 1 and Tier I1 levels are only used as a screening tool 

and are not RFCA or compliance driven. 

The alluvial deposits are very thinly saturated in the vicinity of Building 779. In addition, a foundation drain 

dewaters the northwest and northern edge of the former building. These circumstances combine at drier times of the 

year to allow only minimal amounts of groundwater to be available for sample collection. In most cases, through 

CY 2000, three sampling rounds have been completed at Building 779 D&D monitoring wells 02397 and 

02297/02500 for VOCs. Fewer rounds have been completed for the other analyte groups. Monitoring well 02497 

has produced seven sets of VOC samples and four sets of nitrate samples. No sampling rounds were completed 

during 1997 at the Building 779 D&D monitoring wells because of lack of water. Sampling rounds were 

accomplished with varying success at the Building 779 D&D monitoring wells during the period of 1998 through 

2000. Not all monitoring wells produced the same number of sampling rounds or amount of samples per round 

during the period because the wells were either dry or did not produce enough groundwater for full sample suites. 

Monitoring well 02397 produced no samples during 1999. During CY 2000, monitoring wells 00100 and 02500 

were sampled in the 4* quarter for VOCs, nitrate, metals, Pu/Am, and U-isotopes (full suite). Well 02397 was 

sampled during the 2"d quarter of 2000 for VOCs and nitrate. Well 02497 was sampled during the 2"d quarter of. 

2000 for VOCs, nitrate, and U-isotopes; and during the 4* quarter of 2000 for VOCs and metals. 

Table 5-5 presents summary results of all D&D groundwater sampling at Building 779 to date. These data indicate 

that there were no contaminant concentrations from any Building 779 D&D monitoring well greater than the Tier I 

action levels for the specific analytes. All four Building 779 D&D wells have at least one analyte concentration 

greater than a Tier I1 action level. Upgradient well 02397 has the only nitrate concentrations which are greater than 

Tier I1 action levels. New monitoring well 00100 is the only well that exhibited VOC concentrations (TCE and 
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carbon tetrachloride) greater than Tier 11 action levels. Downgradient monitoring wells 02497 and 02297/02500 

have produced samples with concentrations of U-233/234 and U-238 that are greater than the Tier I1 action levels 

for those analytes for all sampling rounds in which there was enough groundwater available for a U-isotope sample. 

Well 02497 also exhibited an americium result of 0.233 pCiL in May 1999, which is greater than the Tier 11 action 

level, and concentrations of cadmium and thallium in November 2000 above their respective Tier 11 action levels. In 

addition to the VOCs, samples from well 00100 in December 2000 had concentrations of u-2331234 and plutonium 

(0.68 pCi/L) which are greater than the Tier I1 action levels for those analytes. All the U-isotope results were below 

Site background M2SD values. 

0 

A linear groundwater flow velocity of 72 Wyr (7.OE-05 cm/sec) was calculated between upgradient well 02397 and 

downgradient well 02500 utilizing 41h quarter 2000 water level data. Hydraulic conductivity (Rocky Flats Alluvium) 

and effective porosity values were used as described in Section 3.2 of this RFCA Annual Report. This flow velocity 

would allow groundwater to travel from well 02397 to well 02500 in approximately 5 years. Actual contaminant 

travel times can be expected to be much longer for highly retarded contaminants such as plutonium and americium, 

and slightly longer for weakly retarded contaminants, such as VOCs, U-isotopes, and nitrate. The groundwater 

travel time from the sub-basement to well 00100, a distance of approximately 2 10 feet, would be about 3 years. 

(See Section 5.5.1 for more discussion of the Building 779 sub-basement.) 

In conclusion, there are upgradient Building 779 nitrate concentrations that are greater than Tier I1 action levels 

compared to no Tier I1 level nitrate concentrations in downgradient Building 779 D&D wells (although 

downgradient wells 02497 and 02297/02500 show recent nitrate concentrations that are approaching the Tier I1 

action level). There are no upgradient U-isotope, VOC, metals, or Pu/Am concentrations to date that approach the 

concentrations of these analytes observed in downgradient Building 779 wells. Nitrate appears to be the only 

upgradient contaminant of concern to Building 779. 
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Table 5-5 Historical Building 779 D&D Groundwater Monitoring Data 
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5.5.1 Building 779 Sub-Basement 

While the demolition of Building 779 was occurring, it was learned from building personnel that there was a small 

sub-basement area beneath the Building 779 basement. The sub-basement area contained four vaults, the bases of 

which are approximately 24 feet below the Building 779 ground floor. Upon inspection, it was noted that three of 

the vaults contained water, potentially groundwater which may have seeped into them and mobilized existing point 

source contamination. The CDPHE expressed concern because the previously submitted Final Building 779 D&D 

Groundwater Monitoring SAP did not address these below basement structures. CDPHE requested that the vaults 

with water be sampled. 

The results of the initial December 1999 sampling effort indicated that water from all three vaults (Pit 1 A, Pit 2A, 

Pit 2B) contained numerous metals (including beryllium) above Tier I1 but below Tier 1 groundwater action levels. 

The water in Pit 1A contained U-233/234 and U-238 in concentrations that exceed the site background values for 

groundwater ($0.7 pCi/L for U-2331234 and 41.8 pCi/L for U-238). Plutonium and americium were found above 

their Tier I1 groundwater action levels in Pits 2A and 2B. The levels found in Pit 1A (plutonium 74.9 pCiL and 

americium 3 1.3 pCi/L) exceed their respective Tier I groundwater action levels. In addition, 1,1,2,2,- 

tetrachloroethane (PCA) was found in the Pit 1A sample at a concentration exceeding its Tier I groundwater action 

level. Pit 1A appeared to be the most impacted. The Building 779 sumpdvaults were pumped out after the first 

sampling round. A second sampling round was taken of the influent water to help determine if this new recharge 

water would have analyte concentrations similar to that collected from the standing water in the sub-basement 
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vaults. The results of the May 2000 conf&atory sampling round indicate that Pit 1A was the only Building 779 

vault with any results above Tier I1 action levels. The Tier I1 exceedances were for metals (cadmium, chromium, 

lead, and nickel) and radionuclides (americium, plutonium, uranium-238, and uranium-233/234. There were no 

uranium isotope results above the site background values listed above. 

In addition to the Building 779 vaults, Building 783, containing three below grade vaults, and Building 782, which 

contains a sump, were sampled in May 2000. These below grade structures were not included in the initial, 

December 1999, sampling round. The results of the May 2000 sampling indicate that there is some contamination in 

these structures. The Building 783 vaults show some slight Tier I1 exceedances for americium, U-233/234 and U- 

238, arsenic and manganese. The Building 782 sump showed Tier I1 exceedances for U-233/234, nitrate, and TCE. 

Water levels were measured in the Building 779 and 783 vaults and Building 782 sump five times between April 

2000 and January 2001. Water levels were measured from surveyed measuring points so that water level elevations 

could be calculated for each location. The water level elevations in the subgrade structures could then be compared 

to the local water table elevation so that assumptions could be made with respect to the origin of the water in the 

structures. Building 779 Pits 2A and 2B were dry except for the July 2000 measurements. Pit 1B only contained 

water during the July and October 2000 monitoring visits. Pit 1A contained water during each of the five 

monitoring visits. The Building 783 vaults and the Building 782 sump contained water during each of the five 

monitoring visits. 

Buildings 779, 783, and 782 are located between the 5970 and 5975 potentiometric contours on Plates 4 and 5 of 

this report. The water level elevations for the Building 783 vaults, which range from elevation 5969.3 to 5971.7 for 

the five monitoring events, correlate well with the elevation of the potentiometric surface in that area. The Building 

782 sump water levels range from elevation 5963.4 in April 2000 to 5970.3 in January 2001. This is inconsistent 

with the local water table elevation in that the water level is progressively higher during the five monitoring visits, 

when it might be expected that the water level would be highest in April and lowest in January. The Building 779 

vaults exhibit water levels that range from elevation 5960.4 to 5962.5. These levels are consistent to each other but 

are well below the water table elevation in the vicinity of Building 779. Only the Building 783 vaults water level 

elevations correlate to the local water table elevation. 

The results of the two rounds of Building 779 sub-basement vault sampling and five rounds of water level 

measurements imply that the major source of the contamination is material originally contained in the below grade 

vaults and not the groundwater which may be seeping into the vaults. If the source of the contamination was 

infiltrating groundwater, then the results of the two rounds of sampling for the vaults would be similar, and wells 

adjacent to Building 779 would probably show similar contamination. PCA was detected in Pit 1A during the first 

round of sampling above its Tier I action level, but was not even detected above its Tier I1 action level in the second 

round. Vaults 2A and 2B showed no Tier 11 exceedances for any analytes for the second round after having many 

Tier I1 exceedances for metals and radionuclides during the first sampling round. The fact that the water in the 

vaults was pumped out between the first and second sampling events probably contributed to the significant 

difference in concentrations of radionuclides, PCA, and some metals. 
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As discussed above, a new D&D monitoring well (00 100) was constructed during 2000 at the request of the 

CDPHE. The well is located northeast of Building 779 and is completed to the appropriate depth to monitor 

groundwater downgradient of the sub-basement vaults. The screened interval of this well extends from elevation 

5971 to 5946. The CDPHE also requested that the outfall from the Building 779 foundation drain (SW085) be 

sampled during 2000. The foundation drain, located at elevation 5975, is a gravity flow drain. Because of its intake 

elevation, the foundation drain probably has no relevance to the Building 779 sub-basement contamination. 

Groundwater elevations in monitoring wells adjacent to Building 779 during 2000 confirm that the foundation drain 

was above the groundwater elevations in the wells during 2000, hence samples could not be collected. A grab 

sample was collected from the outfall during May 200 1. Previous sampling includes eleven samples collected from, 

the Building 779 foundation drain outfall from July 1988 through May 1990. No samples were collected from the 

outfall between May 1990 and May 200 1. 

As shown in Table 5-5, the groundwater sample collected from monitoring well 00 IO0 in December 2000 resulted in 

concentrations of plutonium, U-233/234, carbon tetrachloride and TCE that are greater than the Tier 11 action levels 

for those analytes. The May 2001 foundation drain outfall sample yielded concentrations of plutonium (0.47 pCi/L), 

americium (0.32 pCi/L), U-233/234 (5.90 pCi/L), and U-238 (3.20 pCi/L) that are all greater than their respective 

Tier I1 action levels. 

The historical results from the Building 779 foundation drain from July 1988 through May 1990 (eleven sampling 

rounds) show result concentrations of U-233/234 (9 results), U-235 (3 results), U-238 (8 results), plutonium (7 

results), americium (6 results), tritium (1 result), beryllium (2 results), strontium-89/90 (1 result), and nitrate ( I  0 

results) greater than their respective Tier I1 action levels. In addition, cadmium had 2 results and each of the 

following had one result greater than its Tier I1 action level: antimony, chromium, manganese, nickel and vanadium. 

In conclusion, new D&D monitoring well 00100 provides a monitoring point downgradient of Building 779 that will 

allow a determination to be made of upgradient versus downgradient water quality with respect to the basement and 

sub-basement vaults. The foundation drain, which continues to dewater the northern end of the remaining Building 

779 foundation (when the water table is high enough), is capable of capturing potentially contaminated groundwater 

in the vicinity of the building. The May 2001 outfall sampling event confirms the historical foundation drain data 

from 1988 through 1990. It would be difficult to ascertain the origin of the groundwater captured by the Building 

779 foundation drain, with respect to D&D monitoring, and, therefore, the meaningfulness of samples collected 

from the drain outfall (with respect to D&D monitoring). Continued monitoring of the outfall would be of doubtful 

value, and is probably not warranted. 

5.6 Building 707 

A Sampling and Analysis Plan for the D&D groundwater monitoring of Building 707 (RMRS 2000c) was prepared 

early in CY 2000 and submitted to the CDPHE and U.S. EPA in April 2000. Comments were received from the 

Agencies in early July 2000, and a meeting was held at RFETS on July 19, 2000, to resolve issues pertaining to the 

investigation at this building. The Final SAP for this building was submitted to the Agencies in August 2000. 
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Building 707 is scheduled for demolition in late 2005, which should provide adequate time to construct a baseline 

for the D&D monitoring wells. e 
Building 707 is located on the north side of Central Avenue between Eighth and Ninth Streets in the former PA. It 

is just south of the Building 776/777 complex. Building 707 is a two-story building with a single story section on its 

east side. The two-story portion is 72,240 square feet, while the single story section is 18,560 square feet. The main 

floor of the building is compartmentalized into eight modules (A through H). There is a small basement (called the 

C-pit) under Module C with an area of 1,000 square feet. During its operation, no significant changes were made to 

the building design. 

Construction of Building 707 began in 1967 to support production of the Part V weapons design that could not be 

fully accommodated in Building 776/777. Because of a major fire in 1969 at Building 7761777, Building 707 

acquired additional plutonium foundry, casting, and machining functions that were moved from Building 7761777. 

After the fire in Building 776/777, Building 707 became the main plutonium components production facility at the 

plant. Plutonium manufacturing operations began in May 1970 and between 1970 and 1989, Building 707 provided 

metallurgical support for plutonium and was involved in fmal product assembly. Plutonium was cast into ingots in 

the foundry, then rolled and formed prior to being machined, cleaned, and assembled in various areas within the 

building. Plant operations involving radioactive and fissile material were discontinued in 1989. As of 1992, certain 

non-production operations had resumed in Building 707. 

I 

Well installation and groundwater sampling activities that took place at this building during 2000 include the 

installation and development of downgradient D&D monitoring wells 00200 and 00300. Preexisting wells 60499 

and 60599, installed for the East Industrial Area Plume (EIAP) characterization project, are utilized as upgradient 

Building 707 D&D wells. EIAP well 61499 and preexisting well P218089 are utilized as downgradient D&D wells. 

Because P2 18089 was not sampled between May 1995 and December 2000, the previous three years of data is not 

available for chemical baseline determination. Besides the monitoring wells, the Building 707 D&D SAP states that 

a VOC sample will be collected from the Building 707 foundation drain at FD-707-4, which is a manhole within 

Building 763 just southeast of the building. In addition, the SAP states that radionuclide and metals samples from 

the foundation drain will be collected from surface water sampling station GS40 located just east of the 750 Pad. 

Figure 5-6 presents the site location as well as the location of D&D monitoring wells. 

Based on the research performed in support of the Building 707 D&D SAP, the most abundant potential 

contaminants associated with Building 707 are plutonium, americium, U-isotopes, chlorinated solvents, and a 

variety of metals including lead, chromium, and mercury. Table 5-6 presents a summary of Building 707 D&D 

groundwater monitoring data collected through CY 2000. Until a geochemical baseline is established for Building 

707, analytes will be discussed in terms of concentrations relative to Tier I and Tier I1 groundwater action levels. 

The Tier I and Tier I1 action levels are only used as a screening tool and are not RFCA or compliance driven with 

regard to building D&D. 

1 77 
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Except for downgradient D&D wells 00200 and P2 18089, there has been little groundwater available for sampling 

through CY 2000. The alluvial saturated thickness in this portion of the site is very thin. In addition, the Building 

707 foundation drain is extensive and encompasses the entire building except for the northwest comer. At certain 

times of the year UHSU groundwater flow may be restricted to the weathered bedrock. Upgradient wells 60499 and 

60599 and downgradient well 61499 have only had enough water available for VOC analyses. Downgradient well 

00300 was dry during CY 2000. 

0 

The results of the D&D sampling rounds to date are inconclusive because of the small number of results available. 

There were no concentrations of any analytes that were above Tier I action levels. Upgradient well 60599 has been 

impacted by PCE in concentrations greater than the Tier I1 action level during the 1 and 41h quarters of 2000. 

Samples from downgradient well P2 18089 contained activity concentrations of U-233/234 and U-238 greater than 

the Tier I1 action level during the 4" quarter of 2000. Downgradient well 00200 samples had cadmium and thallium 

(B qualified) concentrations greater than the Tier I1 action leve1,during the 41h quarter of 2000. VOC sample results 

from FD-707-4 during the 4" quarter 2000 were all non-detect. Many samples were collected from surface water 

station GS40 during CY 2000. The results of these analyses indicate that concentrations of U-233/234, U-238, and 

antimony above their respective Tier I1 action levels are consistently found in this water. No plutonium or 

americium was detected at concentrations above their respective Tier I1 action levels in samples from station GS40. 

~ r7d 
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60599 Upgradient 

61499 Downgradient 

Table 5-6 Historical Building 70 7 D& D Groundwater Monitoring Data 
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5.7 Building 7761777 

A Sampling and Analysis Plan for the D&D groundwater monitoring of Building 776/777 (RMRS 2000c) was 

prepared early in CY 2000 and submitted to the CDPHE and U.S. EPA in April 2000. Comments were received 

from the Agencies in early July 2000, and a meeting was held at WETS on July 19,2000, to resolve issues 

pertaining to the investigation at this building. The Final SAP for this building was submitted to the Agencies in 

August 2000. Building 7761777 is scheduled for demolition in late 2003. This may allow adequate time for 

construction of a chemical baseline for the D&D monitoring wells. 

The building 776/777 complex is located in the former PA, between Eighth and Ninth Streets, just north of Building 

707. Buildings 776 and 777 share a common wall, utilities, and maintenance. All floors in the building are 

reinforced concrete slabs. The main floor has an area of 135,000 square feet. Metal processing facilities occupy 

62,000 square feet and waste handling occupies 63,000 square feet. The second floor contains 88,000 square feet 

and is almost entirely occupied by utilities. There are two sub-basement areas: a four bay area of approximately 

1,600 square feet and an elevator pit area which is adjacent to the tunnel connecting Buildings 776 and 77 1. 

Building 7761777 began operations in 1957 and has undergone several major production changes since then. 

Beginning in 1958 and continuing through 1969, Building 776 was the main manufacturing facility for plutonium 

weapons components and housed a plutonium foundry and fabrication operations. The main function of Building 
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777 was assembly of parts. After the devastating fue in 1969, the majority of the Building 776/777 foundry and 

fabrication operations were transferred to Building 707. Limited production operations were resumed in Building 

776/777 several months after the fire; however, the main focus of the building moved towards waste and residue 

handling, disassembly of site returns, and special projects. Processes included waste size reduction, pyrochemistry, 

coatings operations, machining, and product assembly and disassembly, including testing and inspection. Post- 1989 

production curtailment activities included waste handling and maintenance activities in Building 776, and a tritium 

surveillance laboratory and container repackaging operations in Building 777 (DOE 1994a). 

Well installation and groundwater sampling activities that took place at this building during 2000 include the 

installation and development of upgradient monitoring well 00400 and downgradient monitoring wells 00500, 

00600, and 00700. Preexisting monitoring well 60299, part of the EIAP investigation, will be utilized as a Building 

776/777 upgradient D&D well. Figure 5-7 presents the building location along with the locations of the D&D 

monitoring wells. 

Based on the research performed in support of the Building 776/777 D&D SAP, the most abundant potential 

contaminants associated with Building 776/777 are plutonium, americium, U-isotopes, tritium, chlorinated solvents, 

a variety of metals including beryllium, and potentially nitrate. Table 5-7 presents summary Building 776/777 D&D 

groundwater monitoring data collected through CY 2000. Until a geochemical baseline is established for Building 

776/777, analytes will be discussed in terms of concentrations relative to Tier I and Tier I1 groundwater action 

levels. The Tier I and Tier I1 action levels are only used as a screening tool. 

Except for upgradient D&D well 60299, all of the Building 776/777 D&D wells produced full sample suites (VOCs, 

metals, U-isotopes, FWAm, tritium, nitrate, and TRPH) in the 4' quarter of 2000. Monitoring well 60299 only 

produced enough water for VOC samples in the 1'' and 4* quarters of 2000. In addition, a nitrate sample was 

collected from this well in the 4" quarter of 2000. 

The results of the 4* quarter 2000 sampling round show that the carbon tetrachloride concentration in downgradient 

well 00700 is greater than the Tier I action level. There were no concentrations of any other analytes that were 

above Tier I action levels from Building 776/777 D&D wells. Chloroform; 1,l -DCE; 1,2-DCA; and PCE 

concentrations in well 00700 were all greater than their respective Tier I1 action levels. Upgradient well 00400 has 

been impacted by U-isotopes, cadmium, and thallium in concentrations greater than the Tier I1 action level. 

Downgradient well 00500 exhibited manganese and thallium (B qualified) concentrations greater than their 

respective Tier I1 action levels. Tritium was detected in downgradient well 00700 at an estimated concentration of 

300 pCi/L; tritium was non-detect at all other wells. Beryllium and total recoverable petroleum hydrocarbons 

(TRPH) were non-detect at all wells; nitrate was either non-detect or at a concentration below its Tier I1 action level 

at all wells. 
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00400 
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Table 5-7 Historical Building 776/777 D&D Groundwater Monitoring Data 
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5.8 Building 3711374, 865,883, 881, 991,559 

A Sampling and Analysis Plan for the D&D groundwater monitoring of Buildings 371/374, 865, and 883 (RMRS 

2000c) was prepared early in CY 2000 and submitted to the CDPHE and U.S. EPA in April 2000. Comments were 

received from the Agencies in early July 2000, and a meeting was held at RFETS on July 19,2000, to resolve issues 

pertaining to the investigations at the individual building areas. The Final SAP for these buildings was submitted to 

the Agencies in August 2000. It was anticipated that well installation and groundwater sampling activities would 

take place for these buildings during the summer and fall of 2000. D&D wells were not installed at Buildings 

371/374, 883, and 865 during CY 2000 because of D&D scheduling changes, which allowed for delay of well 

installation. Building 371/374 D&D wells were installed during the spring of 2001. To date, Building 883 and 865 

D&D wells have not been installed. It is anticipated that D&D wells will be installed at these buildings during the 

fall of 2001. Individual sections for each of these buildings will be initiated in the 2001 Annual RFCA Groundwater 

Monitoring Report. 

A Sampling and Analysis Plan for the D&D groundwater monitoring of Buildings 881, 991, and 559 (RMRS 2001d) 

was prepared early in CY 2001 and submitted to the CDPHE and U.S. EPA in April 2001. Comments were received 

from the Agencies in May 2001 and DOE responses to Agency comments were submitted in late May 2001. The 
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Final SAP for these buildings was submitted to the Agencies in July 2001. I t  is anticipated that well installation and 

groundwater sampling activities for these buildings may take place during the fall of 200 1. 
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6.0 PRESENT SANITARY LANDFILL 

This section presents the CY 2000 groundwater quality data for the Present Sanitary Landfill (previously known as 

Operable Unit 7). The Present Sanitary Landfill, located in the Buffer Zone north of the IA, occupies approximately 

44 acres (encompassing both the landfill and Landfill Pond) at the western end of the No Name Gulch drainage 

(Figure 6-1). It utilizes a surface and subsurface water intercept and diversion system to route surface run-on and 

upgradient groundwater around the facility, and a leachate collection and treatment system to improve the water 

quality of leachate exiting the toe of the landfill near the west end of the Landfill Pond. The landfill served as a 

former solid-waste disposal facility for WETS and is currently scheduled for cover and final closure during year 

2004. 

Throughout 2000, groundwater monitoring was conducted in accordance with the requirements of the RFCA, as set 

forth in the IMP (K-H, 2000). This plan, under an agreement with the U. S. EPA and the CDPHE, supersedes Title 

6 of the Colorado Code of Regulations, 6 CCR 1007-2 and 6 CCR 1007-3, as the governing authority for 

groundwater monitoring at WETS. 

Information presented in this section includes a review of historical activities at the Present Sanitary Landfill 

(Section 6.1); a summary of previous investigations (Section 6.2); the status of the current groundwater monitoring 

program (Section 6.3); the current understanding of the physical characteristics of groundwater flow at the site 

(Section 6.4); an assessment of groundwater quality (Section 6.5); and general conclusions regarding groundwater 

quality and the groundwater monitoring program at the landfill (Section 6.6). 

6.1 Operating History of the Present Sanitary Landfill 

The Present Sanitary Landfill began operating on August 14, 1968; for the disposal of Rocky Flats sanitary waste. 

However, records indicated that, prior to 1986, some hazardous waste was disposed of at the landfill; therefore, in 

1986, the landfill was classified as a RCRA-regulated unit. Disposal of hazardous constituents in the landfill was 

halted in November 1986. The landfill remained in operation, accepting only sanitary waste until March 1998. At 

that time, the landfill was placed in contingent operational status because it was nearing capacity, and was seeded to 

stabilize soils and control erosion. All WETS sanitary waste is currently delivered to an offsite commercial Subtitle 

D sanitary waste landfill for disposal. The following paragraphs provide a brief historical summary of landfill 

operations. 

In September 1973, tritium was detected in leachate draining from the landfill. In response to this detection, a 

sampling program was initiated to determine the location of the tritium source. In addition, radiation monitoring of 

waste prior to burial was initiated to prevent hrther disposal of radioactive material, and interim-response measures 

were undertaken to control the generation and migration of landfill leachate. Interim-response measures included 

the construction of two ponds (Ponds No. 1 and No. 2, also known as the West Landfill Pond and East Landfill 

Pond, respectively) immediately east of the landfill, and the installation of a subsurface leachate-collection system 
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and subsurface intercept system for diverting groundwater around the landfill. Ditches were also constructed to 

control surface water e 
The West Landfill Pond embankment was built approximately 500 ft  east of the 1974 position of the advancing face 

of the landfill. The East Landfill Pond embankment was constructed approximately 1,000 ft  east of the West 

Landfill Pond embankment. A cutoff wall, set in bedrock, was constructed in the East Landfill Pond embankment to 

reduce seepage through the embankment foundation. The embankments and ponds were built to collect and 

evaporate groundwater, surface water, and leachate collected by the subsurface drainage-control system. The West 

Landfill Pond was removed in 1981 (see discussion below). The existing (East Landfill) pond contains no outlet 

other than a spillway that is designed for use during extreme storm events. Groundwater exiting the landfill 

discharges to the East Landfill Pond where it either evaporates or is pumped to Pond A-3 via the Pond A- 1 bypass 

for eventual discharge from the Site. Subsurface leakage of the East Landfill Pond may also occur; this would 

recharge the unconsolidated deposits downgradient of the pond dam and the underlying bedrock claystones. The 

amount of leakage is expected to be small considering the low hydraulic conductivity of the underlying bedrock 

materials and the minimal amount of water present in wells immediately downgradient of the dam. 

An inner leachate-collection system and outer groundwater-interceptldiversion system were constructed around the 

north, west, and south perimeters of the landfill (Figure 6-1). The leachate collection system was designed to 

provide a perimeter drain for the prevention of leachate migration outside the landfill boundary and to reduce water 

levels within landfill refuse. The groundwater-interceptldiversion system was constructed along the outside edge of 

the leachate collection system to prevent groundwater from entering the landfill area. Groundwater diverted from 

the landfill by the intercept system is, as currently understood, directed eastward around waste materials and 

discharges either to the East Landfill Pond or No Name Gulch below (east of) the East Landfill Pond dam (at surface 

water monitoring locations SW099 and SWlOO). 

e 
Between 1977 and 198 1, the leachate-collection trench was buried beneath waste during landfill expansion (DOE, 

1996c). The west embankment and West Landfill Pond were removed in 198 1, and two slurry walls were 

constructed, extending from the ends of the north and south groundwater-interceptor ditches. These slurry walls, 

ranging in depth from 10 to 25 feet, were reportedly keyed into bedrock. 

Sometime after the Present Sanitary Landfill went into operation in 1968, excess water from the landfill pond was 

sprayed onto a ridge south of the East Landfill Pond. The sprayed water collected on the roadway and flowed into 

North Walnut Creek. When this misdirected flow was discovered, the spraying activities were moved to an area 

north of the landfill pond adjacent to an irrigation ditch. Because the subsequent spray water then collected in local 

drainage channels and flowed around the landfill pond to the main drainage, the spraying activities were again 

moved. The final spray location was an area south of the western end of the landfill pond; excess spray water then 

flowed back into the East Landfill Pond. 

In 1995, a gravity flow treatment system was constructed to collect contaminated groundwater and leachate flowing 

from the eastern end of the Present Sanitary Landfill. The Passive Seep Interception and Treatment System (PSITS) e 
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became operational in early 1996 and was designed to treat landfill leachate to eliminate F039-listed wastes prior to 

discharge into the East Landfill Pond. The treatment system was originally composed of a settling basin, bag filters 

to remove suspended solids, and granular activated carbon to remove organic chemical constituents, but was 

modified in the fourth quarter of 1998 to allow passive aeration of leachate water. The treated effluent is sampled 

monthly for VOCs; semivolatile organics (SVOCs); metals; isotopic plutonium, uranium, and americium; gross 

alpha and beta; and tritium, with results published in the Quarterly Report for the Consolidated Water Treatment 

Facility and Operable Unit 7 (OU7) Passive Seep Interception System. 

Groundwater monitoring was originally instituted in 1989 in accordance with 6 CCR 1007-2 and 6 CCR 1007-3, 

Subsection 265.90(4. This 2000 Annual RFCA Groundwater Monitoring Report addresses monitoring 

requirements pertaining to RCRA units as specified in the IMP. Monitoring pertaining to WETS RCRA units prior 

to 1996 are addressed in the Annual RCRA Groundwater Monitoring Reports (DOE, 1990, 199 1 a, 1992d, 1993c, 

1994c, 1995, and 1996a). Subsequent groundwater monitoring activities conducted under the authority of RFCA 

during calendar years 1996, 1997, 1998, and 1999 are presented in annual Present Sanitary Landfill Groundwater 

Monitoring Reports (DOE, 1997b, 1998a, 1999, and 2000). The regulations require that the groundwater- 

monitoring program be capable of determining the impact of a facility on the water quality of the uppermost aquifer. 

The Annual RCRA Reports for WETS (referenced above) describe chemical and physical aspects of groundwater 

(for 1989 through 1995) at the Present Sanitary Landfill. The Phase I RCRA Facility InvestigatiodRemedial 

Investigation Work Plan for Operable Unit 7: Present Sanitary Landfill (DOE, 1991 b) presents additional 

information regarding construction, operation, regulatory history, and site characterization. Work conducted for 

Phase I included cone-penetrometer testing, soil sampling, and the installation and sampling of additional 

groundwater monitoring wells outside of and within the landfill. 

e 
A closure plan for the Present Sanitary Landfill was developed in the IWIRA decision document (DOE, 1996c), in 

accordance with the RFCA (RFCA, 1996) and applicable Colorado hazardous-waste regulations. Because of the 

Present Sanitary Landfill's position on the Environmental Restoration Ranking (20" of 358), action has been 

deferred until higher ranked areas are remediated. Post-closure groundwater monitoring of the Present Sanitary 

Landfill will be performed in accordance with the requirements of the IMP. 

6.2 Summary of Previous Investigations 

Annual RCRA Groundwater Monitoring Reports from 1989 through 1995 and Present Sanitary Landfill 

Groundwater Monitoring Reports from 1996 through 1999 describe groundwater elevations and flow rates as well as 

the results of the groundwater analyses. The sampling and analysis records were maintained in compliance with 

6 CCR 1007-3 and 40 CFR 265.94p). The Phase I RFI/RI Work Plan for OU7 - Present Sanitary Land311 (DOE, 

199 1 b) and the Operable Unit 7 Revised Draft IWIRA Decision Document and Closure Plan (DOE, 1996c) present 

additional information. 
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The impact of the Present Sanitary Landfill on groundwater quality has been evaluated in previous Annual RCRA 

and Landfill Groundwater Monitoring Reports (DOE, 1990, 1991a, 1992d, 1993c, 1994c, 1995, 1996a, 1997b, 

1998a). In 1992, groundwater from surficial deposits within and around the Present Sanitary Landfill had 

concentrations of major anions (bicarbonate, chloride, nitratehitrite, and sulfate), total dissolved solids (TDS), 

dissolved metals (calcium, chromium, lithium, magnesium, potassium, sodium, and strontium), and radionuclides 

that were elevated relative to mean background concentrations/activities. Some VOCs were also detected. The 

dissolved radionuclides present included americium-24 1, plutonium-239/240, uranium-233/234, uranium-238, and 

radium-226. 

e 

During 1992, VOCs were detected sporadically and infrequently in wells screened in surficial materials of the 

UHSU. In UHSU bedrock, VOCs were detected in groundwater sampled from two wells. Methylene chloride, 

acetone, and toluene were detected once. The infrequent occurrence of VOCs in the UHSU bedrock indicated that 

the Present Sanitary Landfill had not adversely impacted groundwater in UHSU bedrock, even though some 

contamination of groundwater had occurred in UHSU surficial materials overlying the bedrock. 

In 1993, the groundwater chemistry at the Present Sanitary Landfill was generally consistent with water-quality 

conditions of 1992 (DOE, 1994c). The 1993 statistical comparisons of upgradient versus downgradient UHSU 

groundwater at the Present Sanitary Landfill indicated statistically significant increases in downgradient 

concentrations of dissolved metals (calcium, lithium, magnesium, potassium, sodium, and strontium), and major 

anions (chloride and sulfate). None of the radionuclides or VOCs showed a statistically significant difference in 

upgradient versus downgradient activities or concentrations, respectively. Radionuclide activities and 

concentrations of VOCs, metals, and anions were notably highest within the landfill and in the area adjacent to 

IHSSs located southeast of the landfill, relative to other areas in the vicinity of the Present Sanitary Landfill. In 

groundwater from UHSU bedrock beneath and downgradient of the landfill, VOCs were detected infrequently, but 

radionuclides were present at activities higher than mean background. 

e 

Analysis of 1994 data by analysis of variance (ANOVA) indicated statistically significant differences in upgradient 

versus downgradient groundwater quality in the UHSU for radionuclides (uranium-2331234 and uranium-238), 

dissolved metals (calcium, lithium, magnesium, sodium, and strontium), anions (carbonate, chloride, fluoride, and 

sulfate), and TDS (DOE, 1995). In the UHSU bedrock, there were statistically significant differences in upgradient 

versus downgradient groundwater quality for dissolved metals (calcium, lithium, magnesium, sodium, and 

strontium), anions (bicarbonate, chloride, and sulfate), and TDS. All VOCs had less than 50-percent quantifiable 

results. 

For 1995 data, statistical comparisons of upgradier.t versus downgradient UHSU groundwater at the Present Sanitary 

Landfill indicated statistically significant increases in levels of dissolved barium, calcium, lithium, magnesium, 

silicon, sodium, strontium, uranium-233/234, and gross beta, as well as bicarbonate, chloride, sulfate, and TDS. 

Activities of total americium-24 1, plutonium-239/240, and tritium did not show statistically significant differences 

between upgradient and downgradient UHSU groundwater. VOCs were detected in fewer than 50 percent of the 

samples, so these analytes were not statistically evaluated. 
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Analysis of the 1996 data tend to confirm the results of previous sampling (DOE, 19970. Approved well 

abandonments and deactivations combined with an inadequate volume of water for sampling of downgradient wells 

prevented statistical analysis for many analytes during these years. Detected analytes and concentration ranges 

during 1996 were generally consistent with corresponding data from prior years. Barium, calcium, chromium, 

lithium, magnesium, potassium, selenium, and sodium were detected in downgradient wells at levels below mean 

background concentrations. Nitrate and tritium were evaluated using ANOVA techniques and were determined to 

be statistically similar in upgradient versus downgradient samples. As in prior investigations, there was no indication 

of VOC contamination in downgradient wells. 

For 1997, statistical analyses of groundwater data were again prevented by an insufficient number of analyses, as 

explained above for the 1996 data. Fluoride, sulfate, TDS, barium, copper, iron, lithium, manganese, selenium, 

strontium, nitrate, and zinc appeared to be elevated in one or more downgradient versus upgradient wells. Tritium 

and certain VOCs were detected in upgradient wells at concentrations that exceeded the downgradient well 

concentrations. The trends of potential contaminants detected in the downgradient wells did not, however, appear to 

be increasing with time, resulting in no reportable exceedances for 1997 (DOE, 1998b). 

Results of hydrogeologic investigations of the Present Sanitary Landfill suggest that the groundwater-intercept 

system may not completely isolate the landfill from the surrounding groundwater. Hydraulic assessments for 

specific areas on the north, west, and south sides of the groundwater-intercept system indicate that groundwater may 

flow into the landfill on the north side where the leachate collection system may not have been completely keyed 

into bedrock (DOE, 1996~).  In addition, previous reports indicate that the leachate collection trench was buried 

beneath waste during landfill expansion (DOE, 1996~). Therefore, the clay cutoff wall no longer extends to the 

surface of the landfill; this would allow groundwater to flow across the clay cutoff wall if the water table were to 

rise sufficiently. Landfill wastes do not extend to the surface-water interceptor ditch. 

An evaluation of groundwater-elevation data for 1991 through 1995 and the hydrologic evaluation data for the OU7 

IM/IRA indicate that previous conclusions made regarding the impact of the leachate/groundwater-intercept system 

are still valid. These conclusions are: 

0 The groundwater-intercept system diverts groundwater away from the landfill and is most effective in diverting 

flow on the west and south sides. 

0 The clay barrier is an effective barrier to groundwater flow in the landfill along the west but it may not be 

completely keyed into bedrock on the northwest side. This may allow groundwater to enter the north side of the 

I an dfil 1 . 

6.3 Current Groundwater Monitoring Program 

The Present Sanitary Landfill at RFETS currently operates under CDPHE and EPA guidelines for solid waste 

disposal sites and facilities. The current groundwater monitoring program was instituted in accordance with the 

RFCA, as further defined for RCRA units in the IMP. RCRA groundwater monitoring is conducted to detect 
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potential releases of contamination beyond an established point of compliance based on comparisons of upgradient 

to downgradient groundwater quality. Under the IMP, if significant impacts to groundwater quality are detected in 

downgradient RCRA wells and contaminant concentrations are observed to increase with time, then the results are 

reported to EPA and CDPHE and an investigation into possible causes is initiated. Special attention is given to 

groundwater contaminants listed in the Action Levels and Standards Framework (ALF) for Surface Water, Ground 

Water, and Soils document, Attachment 5 (RFCA, 1996), which if exceeded, trigger an evaluation, remedial action, 

andor management action. Non-ALF constituents, such as the major cation metals sodium, potassium, calcium, and 

magnesium, are not reportable under RFCA, and are, therefore, not emphasized in this report. Figure 6- 1 illustrates 

the location of existing and abandoned monitoring wells in relationship to relevant surface and subsurface features at 

the Present Sanitary Landfill. 

Recent changes to the site groundwater monitoring program are outlined in the IMP (K-H, 2000). This plan 

specifies the monitoring and reporting requirements for the Present Sanitary Landfill, including well identification, 

sampling frequency, analytical requirements, and reporting. 

For the CY 2000 reporting period, upgradient wells 5887,70193, 70393, and 70493, and downgradient wells 4087, 

52894,52994, and B206989, were sampled on a quarterly basis (January-March, April-June, July-September, and 

October-December) to determine compliance with RFCA, as set forth in the IMP. Table 6-1 summarizes sampling 

activities and shows the hydrostratigraphic unit monitored and material screened for all wells sampled in and near 

the Present Sanitary Landfill in 2000. The limited number and position of these wells makes it infeasible to 

construct potentiometric surface maps and concentration isopleth maps, thus current and fbture reports will only 

assess impacts to or from the landfill at the upgradient and downgradient landfill boundaries. 

Table 6-1 Well Completion Information and CY 2000 Sampling Summary for Present 
Sanitary Landfill Wells 
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Groundwater elevations for active wells were measured quarterly as directed in the IMP. Quarterly groundwater 

samples were analyzed for radionuclides (tritium [liquid scintillation counting] and uranium isotopes [alpha 

spectroscopy]), VOCs (EPA 524.2), metals (CLP-SOW), and major anions (TDS [EPA 160.11, sulfate [SW846], 

fluoride [EPA 300.01, and nitratehitrite [EPA 353.1]), in accordance with Appendix E-2 of the IMP. The absence 

of complete analyte suites in most quarters for the downgradient wells listed in Table 6-1 is caused by sample 

volume limitations (also see dry and lacked water [Lw] codes in Figures 6-2 through 6-5) imposed by slow recharge 

and/or thin saturation conditions. The alluvium and weathered bedrock at these localities are frequently dry or 

thinly saturated because the dam for the East Landfill Pond acts as a barrier to alluvial groundwater flow from the 

west. In addition, evapotranspiration through valley-bottom vegetation consumes much of the available shallow 

groundwater in the gulch during the summer months. For these reasons, it is normally not possible to collect 

complete sample sets for each quarterly sampling period during the year. 

e 

Some historical potential contaminants-of-concern (PCOCs), such as SVOCs, were not included in the sampling 

program as a result of PCOC screening conducted during the IMP data quality objective process and acceptance of 

the plan by EPA and CDPHE. Table 6-2 lists the constituents monitored for in wells within and near the Present 

Sanitary Landfill. The records of analyses and evaluations are currently maintained in compliance with 6 CCR 

1007-2. 

6.4 Physical Characteristics of the Groundwater System 

6.4.1 Description of the “Uppermost Aquifer” 

The “uppermost aquifer” is equivalent to the UHSU as described in previous WETS reports (EG&G, 1995a, 1995b, 

and 1995~). In most of WETS, including the area of the Present Sanitary Landfill, the UHSU is composed of 

unconsolidated surficial deposits and weathered bedrock. The unconsolidated deposits consist of Rocky Flats 

Alluvium, colluvium, valley-fill alluvium, and artificial fill. The Rocky Flats Alluvium and artificial fill (landfilled 

wastes and soil-cover materials) are present upgradient of and within the landfill; colluvium and valley-fill alluvium 

are present downgradient of the landfill. Weathered claystones’ and weathered sandstones (where present) that are in 

direct hydraulic communication with the overlying surficial deposits are also considered part of the “uppermost 

aquifer”. The weathered claystones are generally more permeable than unweathered bedrock. Unweathered 

claystones are not considered as part of the uppermost aquifer, rather they are included as part of the LHSU. 

Bedrock wells were assigned to a hydrostratigraphic unit based on geochemical data from the well, hydraulic 

conductivity measurements (where available), and geological information ftom borehole logs. 
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Table 6-2 Chemical and Radioiogical Constituents Monitored at the Present Sanitary 
Landfill 

Total Dissolved Solids 

The Rocky Flats Alluvium is 25 to 30 feet thick on the northwest, west, and southwest sides of the landfill, and 10 to 

15 feet thick on the divides north and south of the landfill pond. Colluvium is 1 to 5 feet thick on the slopes around 
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the East Landfill Pond and below the dam. The valley-fill alluvium ranges in thickness from 3 to 8 feet in the 

landfill area and becomes thicker downstream to the east. The thickness of artificial fill increases from about 5 feet 

at the perimeter of the landfill to about 45 feet near the centerline of the'valley (DOE, 1996~).  Weathered bedrock 

thicknesses vary considerably in the vicinity of the landfill, ranging from approximately 4 to 35 feet, as indicated by 

weathered bedrock isopach mapping of the area (EG&G, 1995a). 

- 

Average depth to groundwater ranges'from 5 to 15 feet in surficial deposits (excluding artificial fill) (EG&G, 

1995b). Within the landfill, groundwater is found at approximately 20 feet at the western end, 16 feet in the middle, 

and 33 feet at the eastern end (DOE, 1996~). The depth to groundwater in weathered bedrock is generally greater 

than in the overlying surficial deposits because of steep downward vertical gradients in bedrock materials. The 

saturated thickness of UHSU deposits varies widely across the landfill, with the thickest sections found in the Rocky 

Flats Alluvium at the western end. The thinnest saturated sections are found in colluvial and valley fill deposits east 

of the East Landfill Pond and in the Rocky Flats Alluvium along the south divide. EG&G (1 995b) reported 

saturated thicknesses ranging from 0 to 20 feet for surficial deposits at the landfill. 

Geometric mean hydraulic conductivities, calculated from field tests of the different geologic units, are given in 

Section 6.4.4. 

6.4.2 Potentiometric Surface 

Groundwater is present in surficial deposits and artificial fill, and in bedrock sandstones and claystones in the area of 

the Present Sanitary Landfill. Groundwater flow patterns in the UHSU tend to mimic the surface topography. 

Within landfill wastes, groundwater flows toward the center of the landfill, then flows eastward toward the East 

Landfill Pond. Outside the landfill, groundwater generally flows eastward within saturated UHSU surficial deposits, 

except near stream valleys, which disrupt UHSU flow patterns and function as drains for UHSU groundwater. For 

example, near the East Landfill Pond, groundwater flows from the north, west, and south toward the pond because 

of its topographically low position in the No Name Gulch drainage. Groundwater entering the pond mixes with 

surface water and is discharged by evaporation or is pumped to Pond A-3. To a limited extent, pond waters 

percolate downward into underlying bedrock materials or laterally through the dam. Any groundwater seepage past 

the dam into the lower drainage would flow eastward along the stream course until discharged via 

evapotranspiration, surface water, or as lateral subsurface flow at the Indiana Street east WETS boundary. 

Groundwater elevations in monitoring wells are measured at least quarterly. Water levels in the surficial deposits of 

the UHSU are characterized by seasonal variations of as much as 10 feet. The water-table elevation is generally 

lowest in late winter and early spring, prior to recharge by snowmelt, and highest during June and July. 

Groundwater elevations in the weathered bedrock of the UHSU typically show seasonal variations of as much as 15 

feet. 
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6.4.3 Vertical Hydraulic Gradients 

The vertical hydraulic gradient is the quotient of the differences in water levels measured concurrently in two 

adjacent wells with different screened intervals, and the vertical distance between the two measuring points, which 

are specified here as the midpoint of each screened interval. Vertical hydraulic gradient calculations provide a 

means to evaluate whether groundwater flow has a potential for movement either downward or upward through 

geologic media. 

0 

Most of the Present Sanitary Landfill well pairs have been abandoned or deactivated in recent years in preparation 

for landfill closure. Consequently, current water level data is unavailable for calculation of vertical gradients. The 

results of historical vertical hydraulic gradient calculations at eight landfill monitoring well pairs (70093/70193, 

70193170293, 70493170593, 70693170893, 72393172093, 108610986,078610886, and B206989lB207089) monitored 

through 1995 (DOE, 1996a) provide information relevant to understanding groundwater conditions at the landfill. 

The calculated vertical hydraulic gradients for all well pairs, except 72393172093, indicate a downward (recharging) 

component of flow, with values ranging from 0.022 to 1.099 Wft. The significance of downward gradients at well 

pairs 0786/0886 and B206989lB207089, located near the bottom of No Name Gulch, are, however, potentially 

invalid considering that the water levels in the bedrock wells at these locations recharge slowly and never fully 

recover between sampling episodes. At well pair 72393172093, situated within the center of the landfill, 

groundwater had an upward (discharging) vertical gradient ranging from 0.020 to 0.026 Wft. Historical data from 

all well pairs indicate that vertical hydraulic gradients have generally remained constant over time. This condition 

may exist because disturbances to the landfill hydrologic system have been minimal in recent years. In addition, 

groundwater flow within the deeper portions of the UHSU and in LHSU bedrock is relatively insensitive to 

fluctuations in seasonal water levels and other short-term transient effects because of the prevalent low permeability 

character of bedrock materials. 

6.4.4 Average Linear Groundwater-Flow Velocities 

The average linear groundwater-flow velocity has historically been calculated for three flow-paths in UHSU 

surficial deposits and three flow-paths in UHSU bedrock in the vicinity of the Present Sanitary Landfill (DOE, 

1996b). Most of the well pairs were deactivated in 1995 in preparation for landfill closure. However, the variables 

used in calculating flow velocities (hydraulic conductivity, porosity, and hydraulic gradient) have effectively 

remained constant over time. Hence, the following discussion summarized from the 1995 RCRA Groundwater 

Monitoring report is considered indicative of current conditions in the Present Sanitary Landfill. 

Migration rates for conservative, dissolved constikents approximate the average linear groundwater-flow velocity; 

however, attenuated, volatile, biodegradable, or redox-sensitive species can exhibit migration rates much less than 

the average linear groundwater-flow velocity. The values of hydraulic conductivity used for surficial deposits and 

bedrock of the UHSU are the geometric means of hydraulic-conductivity values for each unit at the Present Sanitary 

Landfill, and include results of historic slug tests (DOE, 1994~). Values of hydraulic conductivity used for flow 

6 -  10 



01-RF-02107 
2000 Annual Rocky Flats Cleanup Agreement 

(WCA) Groundwater Monitoring Report 

velocity calculations are 1.1 x 1 O4 centimeters/second (cm/sec) for surficial deposits (including landfill wastes) and 

5.3 x lo-’ cdsec  for UHSU bedrock materials. The assumed effective porosity for all units is 0.1 (DOE, 1991b). 

Using these data, the calculated average linear groundwater-flow velocities in fill materials range from 

approximately 1 foot per year at the west end of the landfill to approximately 160 feet per year at the eastern face of 

the landfill. Calculated average linear groundwater-flow velocities in UHSU bedrock at the Present Sanitary 

Landfill ranged from approximately 0.20 feet to 0.22 feet per year beneath the landfill, to approximately 0.07 feet to 

0.4 1 feet per year downgradient of the landfill (DOE, 1996a). The calculated average linear groundwater-flow 

velocities for UHSU bedrock in 1995 were similar to those reported in the 1994 Annual RCRA Groundwater 

Monitoring Report (DOE, 1995). 

e 

6.5 Groundwater Quality at the Present Sanitary Landfill 

The assessment of groundwater chemistry at the Present Sanitary Landfill includes an evaluation of the spatial 

distribution of groundwater constituents in and around the landfill, and a statistical evaluation of the chemistry of 

downgradient groundwater with respect to upgradient groundwater, as specified in 6 CCR 1007-2 and the IMP. 

Statistical comparisons between downgradient and upgradient groundwater data were made using the methodology 

described in the 1995 Annual RCRA Groundwater Monitoring Report (DOE, 1996a) and Statistical Analysis of 

Ground- Water Monitoring Data at RCRA Facilities (EPA, 1992b). 

Figures 6-2 through 6-5 depict the analytical results for each well in individual box-plots. To show as much data as 

possible without overcrowding, box-plots for metals include only those analytes for which the uncensored arithmetic 

mean of pooled downgradient well values were greater than the pooled upgradient well values.. Box-plots for VOCs 

include all detected compounds for upgradient and downgradient wells. All data for radionuclides and water quality 

* 
i 

parameters are presented. -. 

6.5.1 Spatial Distribution of Groundwater Constituents 

6.5.1 .I Upgradient Wells 

Currently, four wells (5887, 70193, 70393, and 70493) monitor groundwater chemistry in the UHSU immediately 

upgradient of the Present Sanitary Landfill. Wells 5887 and 70393 are completed in UHSU alluvial materials and 

wells 70193 and 70493 are completed in UHSU bedrock. All four wells yielded complete quarterly sample sets for 

a total of 16 upgradient samples per analyte. 

As shown in Figure 6-2, concentrations of water quality parameters (fluoride, nitratehitrite, sulfate, and TDS) fall 

within the range of background concentrations reported for these analytes in the 1993 Background Geochemical 

Characterization Report (EG&G, 1993a). A similar situation exists for all of the metal and radionuclide analytes 

detected in these wells (see Figures 6-3 and 6-4, respectively). Except for the major cations (calcium, magnesium, 

sodium, potassium, and strontium), the concentrations of most metal analytes were undetected or were reported e 
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below the CRDL (“B” qualified data). Aluminum was detected in all four upgradient wells (13.82 pg/L maximum). 

Chromium (2.21 pg/L maximum), copper (4.3 pg/L), and lead (7.6 pg/L) were detected in well 5887 (a stainless 

steel well). Aluminum (26.3 pg/L maximum) and selenium (1 1.7 pg/L maximum) were detected in well 70193. 

Well 70393 contained aluminum (50 pg/L maximum) and single detections of chromium (2.36 pg/L) and lead (4.3 

pa). Well 70493 contained aluminum (2 1.4 pg/L), barium (1  05 pg/L maximum), selenium (8.5 pg/L maximum), 

silver (1.8 pg/L maximum), and strontium (264 pg/L maximum). Tritium was not detected in any of the upgradient 

samples. Uranium-233/234 was detected in wells 5887 (0.02 pCi/L), 70193 (0.02 pCi/L), and 70493 (2.472 pCi/L 

maximum) and U-238 was detected in wells 5887 (0.034 pCi/L), 70193 (0.014 pCi/L), and 70493 (1.1689 pCi/L 

maximum) . 

Alluvial well 70393 yielded detections of nine chlorinated VOCs, including TCE (22 pg/L maximum), PCE (8 pg/L 

maximum), carbon tetrachloride (0.53 pg& maximum), l,l,l-TCA (23 pg/L maximum), 1,l-DCE (14 pg/L 

maximum), cis-1,2-DCE (0.3 pg/L maximum), chloroform (0.3 pg/L maximum), and single detections of 1,l-DCA 

(0.1 pg/L) and methylene chloride (0.1 pg/L). Weathered bedrock well 70493, paired with well 70393, contained 

generally lower concentrations and less consistent detections of the type of VOCs found in the overlying alluvium. 

VOCs found in this well included TCE ( I .  1 pg/L maximum), PCE (0.2 pg/L maximum), 1,1,1 -TCA (0.5 1 pg/L 

maximum), 1,l-DCE (0.2 pg/L maximum), and a single detection of methylene chloride (0.1 pg/L). Alluvial well 

5887 contained only 1, I ,  1 -TCA (0.25 pgL maximum). Weathered bedrock well 70 193 contained 1 , l ,  1 -TCA (0.1 

pg/L maximum) and a single detection of methylene chloride (0.2 pg/L). These results are generally consistent with 

the results of previous monitoring (DOE, 1998), which determined that the PU&D Yard was the source of this 

contamination. Results for all other VOC constituents monitored in upgradient wells were below detection. 

6.5.1.2 Downgradient Wells 

Four wells located east of the East Landfill Pond embankment are used to monitor the chemistry of downgradient 

groundwater in the UHSU (wells 4087,52894,52994, and B206989). Wells 52994 and B206989 monitor 

groundwater in the UHSU bedrock and wells 4087 and 52894 monitor the quality of alluvial groundwater. All of 

the well locations are consistent with 6 CCR 1007-2, which allows alternate placement of monitoring wells 

downgradient of an interim-status facility where existing physical obstacles prevent installation of wells at the 

boundary. 

In general, the sampling conditions experienced at downgradient well locations during 2000 were characteristic of 

previous years, with groundwater availability limited by seasonal availability. Complete sample suites could only be 

collected from alluvial wells 4087 (2 quarters collected) and 52894 (2 quarters collected). A partial sample suite 

was collected from well 4087 during the third quarter. Only partial sample suites could be collected from well 

B206989 (3 quarters collected) because of low well yields, despite repeated visits to the well to obtain additional 

sample aliquots. Dry well conditions were prevalent at all wells during the remaining quarters, including all four 

quarters at bedrock well 52994. The statistical significance of these data relative to upgradient groundwater quality 

will be evaluated later in Section 6.5.2. 
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Downgradient groundwater quality monitored at wells 4087, 52894, and B206989 indicate that concentrations of all 

water quality parameters and selected hazardous trace metals exceed concentrations reported for upgradient wells 

5887,70193,70393, and 70493 (Figure 6-2 and 6-3). All other non-radioactive ALF groundwater constituents in 

downgradient groundwater, including VOCs, were detected at or below upgradient concentration levels. The 

majority of antimony, arsenic, cadmium, chromium, cobalt, lead, molybdenum, nickel, and vanadium results were 

reported with a “U” or “B” qualifier, signifying that the concentration of these metals were low enough to occur 

below the instrument detection limit (IDL) or between the CRDL and IDL, respectively. These metals were also 

commonly reported at low concentrations in many upgradient well samples. Aluminum was detected in wells 4087, 

52894, and B206989 at concentrations of up to 974 pg/L. Cadmium (1.6 1 pg/L maximum), copper (5.1 pg/L 

maximum), and a single thallium detection (14.8 pgL) were reported for samples collected at well B206989. 

Slightly elevated concentrations of chromium are associated with well 4087, which is constructed with stainless 

steel well casing and screen, thus raising the possibility that trace quantities of some metals may have originated 

from well construction materials. Lead was reported below detection or CRDL in all downgradient samples except 

one at well 52894 (3.29 pg/L). Elevated concentrations of lithium (1 16 to 1,750 pg/L); manganese (129 to 203 

pg/L); selenium (3.1 to 285 pgL); strontium (401 to 6,430 pg/L); and zinc (21.4 to 66.2 pg/L) were reported in 

downgradient samples. Lithium and selenium concentrations at well B206989 were especially high. Elevated 

concentrations of the non-hazardous metals sodium, potassium, calcium, and magnesium were also detected in 

downgradient wells. These metals have no ALF groundwater action levels and, consequently, are not shown in 

Figure 6-3. 

The uranium isotopes U-233/234, U-235, and U-238 (Figure 6-4) also appear to have elevated activity- 

concentrations in downgradient wells compared to upgradient wells, with the highest activities found in well 

B206989. Tritium was reported in a single sample from well B206989 (505.7 pCi/L), but was undetected in all 

other downgradient samples. 

~e 
~ 

6.5.2 Statistical Evaluation of Groundwater Constituents 

According to the IMP, the decision logic for RCRA designated wells requires the performance of a comparison of 

pooled upgradient groundwater sample means to individual downgradient well sample means in order to evaluate 

potential contaminant releases from the regulated unit into the “uppermost aquifer”. This type of comparison is 

usually accomplished using statistical analysis procedures such as described in Statistical Analysis of Ground- Water 

Monitoring Data at RCRA Facilities (EPA, 1992b). A pre-analysis assessment of the 1999 individual downgradient 

well data sets indicated that the number of sample analyses in all sets (maximum three samples) were insufficient for 

performing nonparametric analysis (minimum four samples) on an individual well basis. This situation is a result of 

the existence of dry conditions in all of the downgradient wells for at least one sampling quarter. To provide 

adequate data for nonparametric statistical analysis, which applies to the majority of analytes based on normality 

testing results of the data sets, it was necessary to pool the downgradient well data for comparison to the upgradient 

data. The rationale for this approach is further justified later in this section. e 
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Table 6-3 presents a sampling and detection summary for each groundwater analyte monitored during 2000. 

Statistical comparisons were not performed for analytes with upgradient sample means that were equal to or greater 

than downgradient sample means; analytes with less than 10 percent quantifiable results; or for analytes with less 

than four quantifiable results, as recommended by EPA guidance (EPA, 1992b) for nonparametric analysis. A 

sufficient number of samples were collected from upgradient and downgradient well groups to perform pooled 

statistical comparisons for all analytes with more than 10 percent quantifiable results. Volatile organic compounds 

were excluded from statistical analysis because it has been shown that upgradient landfill groundwater is 

contaminated relative to downgradient landfill groundwater (Figure 6-5) because of the PU&D Yard VOC plume. 

Data for mercury, thallium, tin, and tritium met the sample volume criteria, but non-detections exceeded 90 percent 

of the data sets, so it was necessary to exclude these compounds from statistical evaluation. Conclusions concerning 

these analytes are described following the discussion of statistical comparisons. 

For analytes with greater than 10 percent quantifiable results, parametric ANOVA or nonparametric Wilcoxon 

Rank-Sum testing was performed, depending on the percentage of non-detections present in the sample groups and 

sample distribution characteristics. All UHSU results (alluvial and bedrock) were grouped by analyte into 

upgradient and downgradient data sets to simplify analyses and provide adequate data to perform statistical testing. 

This approach is justifiable because all downgradient wells are closely located in a well-defined, narrow drainage 

way that defines the sole groundwater flow path leading from the landfill. The Wilcoxon Rank-Sum test (also 

known as the Mann-Whitney U test) was selected to perform nonparametric comparisons in place of the Kruskall- 

Wallis test based on EPA guidance for statistical evaluations involving two data groups (EPA, 1992a). The reader is 

referred to the EPA guidance document for further description of the statistical methods and parameters used in this 

section. 

Table 6-4 summarizes the results of statistical comparisons for the upgradient and downgradient data groups. 

Statistically significant differences (at the 1 - percent significance level) in upgradient versus downgradient 

groundwater quality were found for fluoride, sulfate, TDS, calcium, lithium, magnesium, molybdenum, nickel, 

sodium, strontium, zinc, U-233/234, U-235, and U-238. These results are similar those reported in previous RCRA 

and Present Sanitary Landfill groundwater monitoring reports (see Section 6.2). 
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a Table 6-3 Groundwater Sample and Detection Summary for Landfill Wells - CY2000 

1,l-Dichloroethene 16 8 24 7 0 I 43.8 0.0 29.2 70.8 N/D NID 
1 , l -  16 8 24 0 0 0 0.0 0.0 0.0 100.0 NID NID 

~ i c h l o r o o r o o e n e  
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Table 6-3 Groundwater Sample and Detection Summary for LandJill Wells - CY2000 (continued) e 

I I I I I I I 
11.2.3- I 16 1 8 1  24 I 0 I 0 1  0 1  0.0 
Trichlorobenzene 
1,2,3- 16 8 24 0 0 0 0.0 
Trichloropropane 
1,2,4- 16 8 24 0 0 0 0.0 
Trichlorobenzene I 
1.2.4- I 16 I 8 1  24 I 0 1 0 1  0 1  0.0 , ,  
Trimethylbenzene I 
1.2-Dibromo-3- I 12 I 6 1  18 I 0 1 0 1  0 1  0.0 
chloropropane 
1,2-Dibromoethane 16 8 24 0 0 0 0.0 
1,2- 16 8 24 0 0 0 0.0 
Dichlorobenzene 
1,2-DichIoroethane I3 8 21 0 0 0 0.0 
1.2- 16 8 24 0 0 0 0.0 
Dichloropropane 

Trimethylbenzene 
1,3,5- 16 8 24 0 0 0 0.0 

1,3- 16 8 24 0 0 0 0.0 
Dichlorobenzene I 
1.3- I 16 I 8 1  24 I 0 1 0 1  0 1  0.0 
Dichloropropane 
1,4- 16 8 24 0 0 0 0.0 
Dichlorobenzene 
2,2- 16 8 24 0 0 0 0.0 

Dichlorodifluorom 16 8 24 0 0 0 0.0 
ethane 
Ethyl benzene 16 8 24 0 0 0 0.0 
Hexachlorobutadie 16 8 24 0 0 0 0.0 
ne 
Isopropylbenzene 16 8 24 0 0 0 0.0 
Methylene 16 8 24 3 3 6 18.8 
Chloride 
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0.0 0.0 100.0 

0.0 0.0 100.0 

0.0 0.0 100.0 

0.0 0.0 100.0 

0.0 0.0 100.0 

%F@+= 100.0 100.0 

0.0 0.0 100.0 
0.0 0.0 100.0 

0.0 0.0 100.0 

0.0 0.0 100.0 

0.0 0.0 100.0 

0.0 0.0 100.0 

0.0 0.0 100.0 

0.0 0.0 100.0 
0.0 0.0 100.0 
0.0 0.0 100.0 
0.0 0.0 100.0 

0.0 0.0 100.0 

0.0 0.0 100.0 
0.0 0.0 100.0 
12.5 16.7 83.3 

100.0 
100.0 

0.0 100.0 
0.0 91.7 

100.0 

100.0 

100.0 
100.0 

0.0 100.0 
0.0 0.0 100.0 

0.0 
37.5 

0.0 
25.0 

100.0 
75.0 

N/D 

N/D 
N/D 
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Table 6-3 Groundwater Sample and Detection Summary for Landfill Wells - CY2000 e (continued) 

'No correction made for non 
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detections 

2N/D = Not determined for VOCs because most detections were estimated quantitations ("J" qualifier) below the detection limit 
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m 
Nickel 
Potassium 
Selenium 
Sodium 
Strontium 
Zinc 

Table 6-4 Comparative Statistics for  Groundwater Analytes with <90 Percent Sample Non- 
Detections and Downgradient Sample Means Greater than Upgradient Sample Means - CY 
2000 

e 

105.0 2.5 2.326 Yes 16.7 N/A N/A N/A Unknown Unknown 
0 0.549 0.815 0.916 Unknown Unknown 99.0 2.113 2.326 No 
37.5 N/A N/A N/A Unknown Unknown 75.0 0.645 2.326 No 

105.0 2.480 2.326 Yes 0 0.634 0.763 0.916 Unknown Unknown 
0 0.536 0.778 0.916 Unknown Unknown 107.0 2.603 2.326 Yes 
0 0 660 0 928 0901 Loenomal 6 560 4325 No 69.0 2.587 2.326 Yes 

U-233/234 47.6 
U-235 76.2 
U-238 47.6 

N/A N/A N/A Unknown Unknown 80.0 3.263 2.326 Yes 
80.0 3.212 2.326 Yes N/A N/A N/A Unknown Unknown 

N/A N/A N/A Unknown Unknown 80.0 3.262 2.326 Yes 
N/A =not applicable 
' Calculated for 4 5 %  non-detects only 
* Significant difference in downgradient to upgradient sample groups shown in bold typeface 

Mercury, thallium, and tin - the only trace metals reported with non-detections exceeding 90 percent of the sample 

set - were not detected in any downgradient sample, with the exception of a single thallium value (14.8 pgL) in well 

B206989. The other thallium results from this well were below detection, indicating that the detectable result was 

not significant. The presence of detectable tritium in well B206989, combined with the elevated nitratehitrite, 

lithium, selenium, and uranium isotopes in this well, may signify an association with a contaminant source other 

than the landfill (see next section). 

6.5.3 Trend Plots and Data Interpretation 

Trend plots of analytes in downgradient wells that exceed upgradient concentrations are presented in Appendix C 

per the requirements ofthe IMP. Concentration trends for most analytes with three or more data points tend to 

6 -  18 ' %Qi 



01 -RF-02107 
2000 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 
~ ~~ 

fluctuate somewhat, but are generally flat or declining, therefore indicating that potentially contaminated landfill 

groundwater is not currently migrating eastward past the East Landfill Pond dam. Specifically, the fluoride, sulfate, 

TDS, calcium, lithium, magnesium, molybdenum, nickel, potassium, sodium, strontium, zinc, and U-235 

concentrations in all downgradient wells (except fluoride, sulfate, lithium, and zinc in well B206989) do not appear 

to be increasing above historical levels. Lithium, zinc, U-233/234, and U-238 concentrations in well B206989 show 

evidence of an increasing trend, making these analytes reportable occurrences under RFCA. The magnesium 

concentration in well B206989 also appears to be rising; however, this constituent is non-hazardous and lacks a 

RFCA action level criterion. 
c 

I 

Assuming that seepage of contaminated groundwater past the dam is not appreciable enough to influence 

downgradient groundwater quality, the elevated concentrations of inorganic and radiological analytes in 

downgradient groundwater can be caused by several factors. Some potential causes include: 

0 lateral underflow of landfill leachate beneath the pond and dam through UHSU bedrock materials; 

0 evaporative concentration of solutes in pond water in combination with other factors, such as mineral build-up 

in soils resulting from seasonal desaturation of valley-fill alluvial materials; 

contribution of more highly mineralized groundwater from the underlying LHSU to UHSU bedrock; 

0 natural mineralization of groundwater resulting from prolonged contact with aquifer materials as it travels along 

a flow path, and 

0 a secondary contaminant source that is upgradient of the well, but is not associated with the landfill or pond. 

Analysis of analyte trends showing concentration increases must account for these conditions in order to 

differentiate between natural and anthropogenic influences. 

In general, natural processes involving evapotranspiration, upwelling of LHSU groundwater, and mineralization 

along the flow path do not appear to provide satisfactory explanations for the geochemistry at well B206989, mainly 

because the elevated nitratehitrite, lithium, and selenium concentrations are well above their normal background 

ranges. They also do not appear to be landfill related, as the concentrations of these analytes in landfill leachate and 

pond water have historically been relatively low. For example, the mean concentrations of nitratehitrite (0.3 mg/L), 

lithium (40 pg/L), and selenium (2 p a )  at surface water monitoring station SW097 (landfill leachate), and 

nitratehitrite (0.093 m a )  and lithium (77 pg/L) at SW098 (landfill pond) (DOE, 1996a, Tables 2-2 and 2-3), are 

significantly lower than concentrations found in well B206989 groundwater. In addition, elevated concentrations of 

nitratehitrite (mean=143.5 m a ) ,  lithium (199 p a )  and selenium (504 pg/L) have been detected in samples from 

UHSU bedrock well B206889, located to the south and upgradient of well B206989. Elevated concentrations of 

some or all of these constituents have been found in other contaminant plumes, including the Solar Ponds Plume and 

IHSS 119.1. 

0 

207 
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As suggested above and reported in 1998 Groundwater Monitoring at the Present Sanitary Landfill (DOE, 1999), 

the most likely cause for anomalous groundwater quality at well B206989 is an unknown secondary contaminant 

source located upgradient of well B206889. Regardless of their source, the absence of contaminants at high 

concentrations in landfill groundwater and surface water indicate the presence of potential non-landfill interference 

in interpreting downgradient weathered bedrock groundwater quality. 
I 

6.6 Conclusions 

Groundwater conditions at the Present Sanitary Landfill in 2000 appear to be generally consistent with the results of 

previous monitoring. Statistical comparisons of upgradient versus downgradient UHSU groundwater at the Present 

Sanitary Landfill were performed for analytes meeting the'minimum evaluation criteria of e 0  percent non- 

detections and at least four samples per upgradient and downgradient data set. significant differences (at the 1% 

level) in upgradient compared to downgradient groundwater quality were found for fluoride, sulfate, TDS, calcium, 

lithium, magnesium, molybdenum, nickel, sodium, strontium, zinc, U-233/234, U-235, and U-238. Volatile organic 

compounds were not evaluated statistically because the percentage of non-detections exceeded 90 percent or 

because contaminants were found only in upgradient samples. 

Apart from fluoride, sulfate, lithium, zinc, U-233/234, and U-238 in well B206989, the trends of potential inorganic 

and radionuclide contaminants do not appear to be increasing with time in the downgradient wells. The increasing 

trends of lithium, zinc, U-233/234, and U-238 in well B206989 represent groundwater quality exceedances that are 

reportable under the IMP. A more complete review of available groundwater and soils data associated with 

potential upgradient, non-landfill contaminant sources appears to be warranted to investigate the elevated 

occurrences of lithium, zinc, and uranium isotopes in downgradient well B206989. 

6 - 2 0  
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6 7.0 PLUME DEGRADATION MONITORING 

7.d Plume degradation 

Plume degradation is defined as an observed reduction in contaminant concentrations as contaminants migrate from 

the source in groundwater. This reduction in concentration can be a result of a number of fate and transport 

processes in groundwater including dilution, dispersion, sorption, volatilization, and biotic and abiotic 

transformations. Biodegradation or bioremediation are used to describe the portion of plume degradation that is 

brought about by biological degradation mechanisms. Biological degradation typically involves bacteria that occur 

naturally in soil and groundwater. Under the right conditions these bacteria can break down certain fuel 

hydrocarbons and certain chlorinated organic compounds. 

The main mechanism for the biological breakdown of chlorinated organics is through reductive dechlorination 

reactions. Under reductive dechlorination, a chlorinated organic compound such as carbon tetrachloride is an 

electron acceptor, causing the compound to gain a hydrogen atom at the expense of a chlorine atom. The successive 

dechlorination of carbon tetrachloride would form chloroform, methylene chloride and chloromethane as chlorine 

atoms are progressively removed from the original carbon tetrachloride molecule. 

For biodegradation to occur, there must be an electron acceptor, a source of carbon to serve as an electron donor, an 

appropriate bacterial community, and a favorable environment for the metabolic reactions to take place. The 

sampling programs at IHSS 1 18.1,903 Pamyan’s Pit Plume and the PU&D Yard Plume were designed to 

investigate whether these processes are taking place. These investigations employ the method described by 

Wiedemeier et al(1996), which determines whether biodegradation is occurring to a significant degree at a site 

based on applying scores to certain chemical parameters. The criteria used are summarized in Table 7-2. A score of 

0 to 5 points is suggestive of inadequate evidence of biodegradation. A score of 6 to 14 suggests limited evidence of 

biodegradation, a score of 15 to 20 shows adequate evidence and scores above 20 show strong evidence of 

biodegradation. 

7.1 .I Electron Donors 

The process that would degrade chlorinated organic compounds such as carbon tetrachloride is reductive 

dechlorination. Reductive dechlorination is the substitution of hydrogen for chlorine atoms within the chlorinated 

organic compound, which causes it to progressively break down into daughter products. This process requires that 

there be a source of electron donors, which is typically organic carbon. Carbon can be utilized either as natural 

carbon in the aquifer, or can be acquired from the breakdown of petroleum hydrocarbons. Total organic carbon 

(TOC) was collected to ascertain the availability of carbon in the environment to serve as an energy source for 

reductive dechlorination. 
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7.1.2 Electron Acceptors 

VOC species were analyzed to determine if daughter products were being formed by reductive dechlorination. In 

order to undergo reductive dechlorination, chlorinated organic solvents must be potential electron acceptors. This 

reaction mechanism occurs when there is a sufficient electron donor source present, the proper chemical 

environment exists, and there is a relative lack of competing electron acceptors. Dissolved oxygen (DO), rather than 

solvents, is the favored electron acceptor used by bacteria for the biodegradation process. Anaerobic bacteria cannot' 

function at DO concentrations above 0.5 mg/L and hence, reductive dechlorination cannot occur (Wiedemeier, et al, 

1999). Nitrate and sulfate were analyzed because these species, along with dissolved oxygen, can compete with 

chlorinated solvents as electron acceptors. If high levels of nitrate andor sulfate were to exist in the groundwater in 

the vicinity of the plume source, the reductive dechlorination of carbon tetrachloride and its by products could be 

retarded. 

7.1.3 Metabolic By-Products 

Measurement of the metabolic by-products of biodegradation is a valuable indication of the predominant microbial 

and chemical processes occurring during contaminant transformation. Ferric iron (Fe33 is reduced to ferrous iron 

(Fez') during anaerobic biodegradation of organic compounds. Therefore, an increase in ferrous iron concentration 

in the source area can suggest that biodegradation is occurring. The production of hydrogen sulfide occurs during 

sulfate reduction and verifies that sulfate is acting as an electron acceptor during biodegradation. The presence of 

methane in groundwater is indicative of strongly reducing conditions. Methane can be produced through the 

biodegradation of petroleum hydrocarbons. The presence of methane in groundwater containing chlorinated 

solvents suggests that the chemistry of the groundwater is favorable for reductive dechlorination. The presence of 

elevated concentrations of chloride in groundwater relative to upgradient locations suggests that reductive 

dechlorination of organic solvents is taking place. This is because the replacement of hydrogen for chlorine in the 

chemical structure of the chlorinated organic compound during reductive dechlorination releases chlorine in the 

process. 

. 

7.2 Carbon Tetrachloride Plume (IHSS 118.1) 

This section summarizes the results of the carbon tetrachloride plume (IHSS 1 18. l), plume degradation monitoring 

program that was initiated in 1999. Additional sampling from CY 2000 has been added to the data collected in CY 

1999. The object of this report is to provide sample results for the suite of parameters that were specifically 

collected to determine whether plume degradation is occurring given the results obtained. The overall goal of the 

project is to characterize the potential for plume degradation as a significant factor in the remediation strategy for 

the IHSS 1 18.1 Dense Non-Aqueous Phase Liquid (DNAPL) source. 

Carbon tetrachloride is the main contaminant of concern at IHSS 1 18.1 and is the result of spills related to a below- 

ground carbon tetrachloride storage tank, which has been subsequently removed. Characterization work was 
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initiated in 1997 to identify the extent of the DNAPL source and determine the feasibility of extracting the DNAPL 

through pumping or excavation. Source removal was postponed because it is presently not feasible to excavate the 

source due to the number of active process pipes and utilities that run through the source area. The decision was 

then made to evaluate the potential for the carbon tetrachloride plume to be undergoing plume degradation 

processes. 

A drilling and sampling program was designed to collect the data necessary for decision making with respect to 

plume degradation. Eight wells were installed in a pattern so as to have two wells upgradient of the DNAPL source 

(1 8799, 18899); three wells along an east-west line with two wells in the source and one well located cross gradient 

to the source (1 8499, 18599, and 18699); and three wells in an east-west line approximately 60 -70 feet 

downgradient from the source ( 1  8 199, 18299, 18399). The wells were installed in February 1999 and samples were 

collected in March and September of 1999. In addition, data from well 21098 was added to the evaluation because 

of the probable relationship between carbon tetrachloride in this well and the location of IHSS 1 18.1 that was 

identified in the 1998 RFCA Annual Groundwater Report. Figure 7-1 shows the location of the wells and sampling 

locations. 

Dedicated bladder pumps were installed in the 1999 wells so that samples could be collected with minimal aeration 

of the sample. This is important when collecting VOC samples and when measuring DO and oxidation-reduction 

potential (redox) parameters. A flow-through cell containing the field parameter probes was used to measure 

temperature, DO, redox, alkalinity, specific conductance and pH. A spectrophotometer was used to measure ferrous 

iron. VOC and other analytical samples were sent to off-site laboratories for analysis. 

The 1999 RFCA Annual Groundwater Report recommended a reduction in the number of wells used for 

determination of plume degradation at IHSS 1 18.1. Based on the approval of these recommendations, the 

monitoring project now samples upgradient well 18799, near-source well 18499 and downgradient wells 18 

2 1098, which provide a reasonable cross section across the IHSS 1 18.1 area 

7 - 3  
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I8499 
18199 
21098 

Table 7-1 Summary of Sample Results for Plume Degradation Wells: IHSS 118.1 

3/17/99 57800 8750 83.5 8.9 210 
3/17/99 15400 2200 12.6 2.5 7.4 
3/17/99 1200 110 0.09 1 NA 

18499 
18199 
2 1098 

I I I I I I 
18499 3/17/99 21 0.05 0.7 64 1.6 4 0.05 

18199 I 3/17/99 I 35 2.15 I 69 I 0.1 I 3 1 3 

12/5/00 24200 7080 0 0 195 
12/5/00 27300 3820 219 0 I90 
12/5/00 959 348 22.4 0 1 

I I I I I I 
18499 9/20/99 16000 4900 380 5 50 

18199 I 9/13/99 I 14000 130 I 5 I 12 

18499 
1 8 199 
2 1098 

I I I I I I 

18499 I 9120199 I 31 ] 0.003 I . 0.5 90 0.84 5 I 0.14 
18199 I 9/13/99 I 33 3 I 72 0.01 I 3 I 3.3 

12/5/00 35 0.0 I3 0.85 100 NA 4 0.26 
12/5/00 21 0.002 0.45 69 0.01 3 0.74 
12/5/00 24 0.02 NA 190 NA 2 1.6 

I I I I 

18499 1 3/14/00 1 22000 I 4600 1 2400 0 240 
18199 1 5/30/00 I 35000 94 I 0 I 84 I 

I I I I 

18499 I 3/14/00 1 38 I 0.88 I NA 71 3.03 1 4 1  6.8 
18199 I 3/14/00 I ' 29 NA 54 0.07 

NA = not analyzed 
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7.2.1 0 Electron Donors 

Figure 7-2 shows results for total organic carbon for the 4 quarters of measurement. In general, TOC has remained 

in the 2-5 mg/L range in the area of IHSS 1 18.1 with a consistent value of 4 mg/L in the source area. Wiedemeier et 

al(1996) suggest that TOC values above 20 mg/L insures that enough carbon is present to drive dechlorination. 

Therefore the limited amount of carbon in groundwater may be retarding the rate of reductive dechlorination at 

IHSS 118.1. 

7.2.2 Electron Acceptors 

Carbon tetrachloride is the dominant organic compound present in groundwater at IHSS 1 18.1. If biodegradation 

were occurring by reductive dechlorination, carbon tetrachloride would break down progressively to chloroform, 

dichloromethane, chloromethane, and ultimately to carbon dioxide and water. If reductive dechlorination were 

occurring, carbon tetrachloride would be seen to progressively decrease in concentration with time and distance 

from the source as the breakdown products increased in concentration. Downgradient wells would also reflect an 

increase in breakdown products relative to carbon tetrachloride. Figures 7-3 and 7-4 show the trends in carbon 

tetrachloride and daughter species. The sample from well 21 098 is also included. In Figure 7-3 carbon tetrachloride 

can be seen to decrease in concentration from the source to downgradient well 21098. This would be expected if 

biodegradation was occurring. However, the trends in chloroform and chloromethane do not increase in 

downgradient wells 18199 and 21098. Methylene chloride exhibits a similar behavior, but must be viewed with 

caution because it is a common lab contaminant and was reported in the lab blank in most samples. 

The data suggest that there are daughter products from reductive dechlorination of carbon tetrachloride in the source 

area, but increased breakdown downgradient of the source is not readily apparent. By looking at the ratio of 

daughter products to carbon tetrachloride with time, a better indication of in-source biodegradation would be 

obtained. Therefore, it is suggested that sampling for these compounds continue for a sufficient time period to 

establish a rate of breakdown at the source. 

Nitrate and sulfate were analyzed because these species, along with dissolved oxygen, can compete with chlorinated 

solvents as electron acceptors. If high levels of nitrate andor sulfate were to exist in the groundwater in the vicinity 

of IHSS 1 18.1, the reductive dechlorination of carbon tetrachloride and its by products could be retarded. The graph 

on Figure 7-2 shows the concentrations of nitrate along the three-well cross section at IHSS 1 18.1. The nitrate 

concentration in upgradient well 18799 is .26 to 2 mg/L, which is near the WETS background mean of 1.4 mg/L for 

Rocky Flats Alluvium (DOE 1993b). In Figure 7-2, nitrate concentration is seen to decrease at the source and then 

increase again in concentration away from the source. Contrary to this trend is data from the first quarter of 2000, 

which is 6.8 mg/L at the source, decreasing downgradient. Low nitrate values in the source would favor 

biodegradation whereas high values would tend to retard dechlorination. The Wiedemeier et a1 (1996) scoring 

system for determining the potential for biodegradation suggests that a concentration of nitrate above 1 mg/L may 

retard biodegradation of chlorinated organics. Given the typically low concentration of nitrate in the vicinity of the a 
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IHSS (.05 mg/L at source well 18499), it appears nitrate is being removed locally but may be hampering the 

biodegradation process away from the source. Because nitrate is a key indicator of the efficacy of biodegradation on 

chlorinated solvents, continued sampling is advised. 0 
The sulfate concentration in upgradient well 18799 ranges 38 to 53 mg/L, which is above the WETS background 

mean of 22 mg/L (DOE 1993b). Figure 7-5 shows the concentration of sulfate dropping near source well 18499, 

and then increasing in downgradient wells. Because sulfate and nitrate behave similarly with respect to their 

electron acceptance, this trend would be expected if biodegradation was occurring in the source area. 

Wiedemeier et a1 (1996) suggest that sulfate above 20 mg/L could compete with the chlorinated solvents as an 

electron acceptor and thus retard the biodegradation process of the latter. Given that sulfate was found at 30 mg/L in 

the source area and at higher levels away from the source, it can be deduced that sulfate may be retarding the 

biodegradation of carbon tetrachloride occurring at IHSS 1 18.1. Because sulfate is a key indicator of the efficacy of 

biodegradation on chlorinated solvents, continued sampling is advised. 

Dissolved oxygen is the favored electron acceptor used by bacteria for the biodegradation process. Anaerobic 

bacteria cannot function at DO concentrations above 0.5 mg/L and hence, reductive dechlorination cannot occur 

(Wiedemeier, et al, 1999). Figure 7-6 shows that upgradient DO concentration at well 18799 ranges from 2.5 to 5.4 

mg/L and decreases to below 1 .O mg/L in source well 18499. DO concentration rises again in downgradient well 

18 199. Taking the data at face value, it would appear that DO levels are detrimental for anaerobic degradation of 

organic compounds except at the source. DO was measured using a DO probe housed inside a flow-through cell. 

Complications have occurred where the DO measurements may have been improperly measured during some 

sample events. The values shown are believed to be in units of mg/L even though field forms may have reported 

some values in percent. 

7.2.3 Metabolic By-Products 

Ferric iron (Fe3+) is reduced to ferrous iron (Fez') during anaerobic biodegradation of organic hydrocarbons. 

Therefore, an increase in ferrous iron concentration in the source area can suggest the amount of biodegradation that 

is occurring. Figure 7-6 shows that in the first quarter 1999 sampling event ferrous iron appears to decrease near the 

source area. However, the 2000 Fez+ data show increases from near 0 mg/L in background well 18799 to 1.6 -3 

mg/L in source well 18499, then decreases to 0.10 mg/L in downgradient well 18 199. Wiedemeier et a1 (1 996) 

believe that ferrous iron above 1 mg/L would suggest that reductive dechlorination is taking place. Given the 

similarity in the results obtained in the two 2000 sampling rounds it is possible that reductive dechlorination is 

occurring at the source. Because ferrous iron is a key indicator of the efficacy of biodegradation on chlorinated 

solvents, continued sampling is advised. 

The production of hydrogen sulfide occurs during sulfate reduction and verifies that sulfate is acting as an electron 

acceptor during biodegradation. Figure 7-2 shows that sulfide is very low in background well 18799 and does not 

change in concentration in the source and downgradient wells. Wiedemeier et al (1996) believe that sulfide above 1 e 
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mg/L would allow reductive dechlorination to take place. These results suggest that though sulfate was decreasing 

in concentration in the source area, the amount of hydrogen sulfide generated was insufficient to support reductive 

dechlorination. Because of the conflicting evidence for biodegradation given by sulfate/sulfide analyses, and 

because sulfide is a key indicator of the efficacy of biodegradation on chlorinated solvents, continued sampling is 

advised. 

* 
The presence of methane in groundwater is indicative of strongly reducing conditions. Methane can be produced 

through the biodegradation of petroleum hydrocarbons. The presence of methane in groundwater containing 

chlorinated solvents suggests that the chemistry of the groundwater is favorable for reductive dechlorination. Figure 

7-4 shows that methane increases from approximately 0.003 mgL to .05 - 0.20 mgL in the source area, then 

decreased to 0.007 in downgradient well 18199. Wiedemeier et al(l996) believe that methane above 0.1 m g L  

would allow reductive dechlorination to take place. Methane values at IHSS 1 18.1 were fairly low, suggesting that 

there is little if any petroleum hydrocarbons present there. However, the increase in methane production in the 

source relative to the upgradient well suggests that some reductive dechlorination is occurring. Because methane is 

a key indicator of the efficacy of biodegradation on chlorinated solvents, continued sampling is advised. 

The presence of elevated concentrations of chloride in downgradient and source area groundwater relative to 

upgradient locations would suggest that reductive dechlorination of organic solvents is taking place. This is because 

the replacement of hydrogen for chlorine in the chemical structure of the chlorinated organic compound during 

reductive dechlorination releases chlorine in the process. However, available data do not show a clear trend. Figure 

7-5 shows the concentrations of chloride seen in the vicinity of IHSS 1 18.1. Chloride concentration was reported in 

the 63 - 100 mg/L range and does show change across the source in the third quarter 1999 sample. The WETS 

background mean concentrations for chloride in alluvial materials is 8 to 18 m g L  (DOE 1993b). The Groundwater 

Geochemistry Report for WETS (EG&G 199%) shows that chloride concentration increases from west to east at 

WETS and that chloride concentrations in the Industrial Area range from 25 to 100 mg/L. Given the 

inconsistencies of the data and the lack of dramatic change in chloride concentration at IHSS 1 18.1 relative to both 

upgradient and downgradient wells and the surrounding Industrial Area, it may be that only limited reductive 

dechlorination is occurring at the IHSS. Because chloride values on Site can be affected by the use of salt on the 

roadways during the winter, the data may be suspect as a key indicator of the efficacy of biodegradation on 

chlorinated solvents. 

7.2.4 Conclusions and Recommendations 

The 2000 results are similar in most respects to the data collected at IHSS 1 18.1 in 1999. There is evidence of 

biodegradation at the IHSS 1 18.1 source. If the assumption is made that the breakdown products found at IHSS 

1 18.1 are not part of the original free product composition, then based on the scoring system discussed in 

Wiedemeier et a1 ( 1  996), the source area rates a score of 18 (see Table 7-2). The upgradient and downgradient wells 

rate a score Of 3, which suggests that the subsurface environment away from the source may be hostile to 

biodegradation. These scores are derived using data from the three wells used for the cross section discussed above. 
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Given the downgradient score with respect to biodegradation, the decrease in composition of organic solvents away 

from the source must be partly attributed to physical processes such as dilution and dispersion rather than strictly to 

biodegradation. These preliminary results suggest that some reduction in carbon tetrachloride is occurring at the 

source, but the persistence of carbon tetrachloride above Tier I action levels at downgradient wells 18 199 and 21 098 

suggests that plume degradation is not completely restricting the plume from migrating towards surface water in this 

area. Additional monitoring will help determine the rate at which biodegradation is occurring. 

Based on the results obtained to date the following recommendations can be made with respect to future sampling: 

The present sampling suite should be continued on the current semiannual schedule for IHSS 1 18.1. Attempts will 

be made to document the correct readings for DO and ferrous iron in the field. 

Given the probable involvement of the Building 771 and Building 774 footing drains with carbon tetrachloride 

plume capture, efforts should be made to ascertain the exact nature of the outfalls from this system. Initial 

evaluation has shown that carbon tetrachloride has occurred in water in Bowman’s Pond, and it is believed that some 

of the footing drains from the buildings mentioned above exit at this location. An initial evaluation of these drains 

was performed in 2001; results will be reviewed and, if warranted, the Bowman’s Pond drain effluent should be 

sampled on the same frequency as the building D&D and IHSS 118.1 wells to ascertain whether a connection exists 

between the plume and the drain system. , 

e 
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TemDerature I > 20 degrees C Biochemical Drocess accelerated 1 0 

Table 7-2 Checklist for  Determination of Biodegradati0n:IHSS 118.1 

0 

7.3 903 PadlRyan’s Pit Plume 

The 903 Pamyan’s Pit Plume is located directly south of the southeast comer of the PA and between the 903 Pad 

and Woman Creek at WETS. Two sources, the 903 Pad and Ryan’s Pit, contribute to this plume of contaminated 

groundwater. The primary analytes comprising the 903 Pamyan’s Pit Plume are carbon tetrachloride, TCE, and 

PCE. The nearest receiving streams for the plume are the South Interceptor Ditch (SID), located approximately 150 

feet north of Woman Creek and approximately 700 feet south of Ryan’s Pit, and Woman Creek. Characterizing the 

903 Pamyan’s Pit Plume groundwater to protect surface water quality in Woman Creek was a 1999 compliance 

milestone. The Ryan’s Pit source removal began in September 1995, with the removal of contaminated soil. The 

soil was treated in February 1996, and the project was completed in August, 1996, with the replacement of treated 

soil. The 903 Pad source removal is scheduled for 2003. See Section 4.5 of this report for more information 

regarding the Ryan’s Pit source removal. Figure 7-7 presents the location of the 903 Pamyan’s Pit Plume area. 
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In 1999, four permanent downgradient monitoring wells, 90099 through 90399, were installed to monitor VOCs. 

One of these new wells, 90099, twinned 1998 Geoprobe well 01298, which had the highest VOC concentrations 

found in that area. The other three wells are downgradient of the 1998 Geoprobe wells and upgradient of the SID. 

These wells were installed to provide the necessary information to establish a trend in downgradient VOC 

concentrations. 

I 

e 
The results of the 1999 monitoring program were that VOCs, primarily carbon tetrachloride, were present in 

concentrations above Tier I1 action levels. Given the results of monitoring the new downgradient wells, the decision 

was made to collect additional samples in 2001 to further investigate plume degradation. Well 07391 is nearest the 

Ryan’s Pit source area and wells 1 187,90099 and 90399 were chosen to provide a downgradient cross section of the 

contaminant plume. Well 11791 was also sampled for plume degradation parameters as it may be representative of 

the portion of the plume coming from the 903 Pad. The sample suite is similar to that collected for IHSS 118.1, 

discussed above. The results will be presented and discussed in a similar format. 
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chloroform and methylene chloride, have very high concentrations at well 07391 (1400 pg/L for chloroform and 

3800 pg/L for methylene chloride). Unfortunately, methylene chloride blank contamination was ubiquitous in 

samples from 07391 and additional blank contamination occurred during large dilutions of the samples. But the 

chloroform values are not associated with blank contamination and suggest either that,chloroform was disposed in 

Ryan’s Pit or there is significant dechlorination of carbon tetrachloride in the vicinity of the source area. The other 

breakdown chain compounds, chloromethane and methane, were present in very low concentrations in the Ryan’s 

Pit area. If biodegradation is occurring by reductive dechlorination, carbon tetrachloride would break down 

progressively to chloroform, methylene chloride, chloromethane, and ultimately to methane. 

Figure 7- 10 shows PCE was present in concentrations of approximately 1200 pgL at well 0739,l decreasing in a 

downgradient direction to just below Tier I1 action levels in well 90399. However, TCE occurs at levels of 67,000 

pg/L at well 07391 and steadily decreases in concentration downgradient to reach approximately 100 pg/L at well 

90399. Without process knowledge of the chemicals used at RFETS it would be easy to conclude that the PCE is 

breaking down to a daughter product much like carbon tetrachloride appears to be doing near well 0739 1. However, 

there was extensive use of TCE at RFETS and the large concentration of TCE is probably because of its disposal in 

Ryan’s Pit. Additional evidence for this is the low concentrations of the other daughter products, cis 1,2-DCE, vinyl 

chloride, and ethene in the source area. 

The data suggest that there are daughter products from reductive dechlorination of carbon tetrachloride in the source 

area, but increased breakdown downgradient of the source is not readily apparent. By looking at the ratio of 

daughter products to carbon tetrachloride with time, a better indication of in-source biodegradation would be 

obtained. Therefore, it is suggested that sampling for these compounds continue for a sufficient time period to 

establish a rate of breakdown at the source. . 

Nitrate and sulfate were analyzed because these species, along with dissolved oxygen, can compete with chlorinated 

solvents as electron acceptors. If high levels of nitrate and/or sulfate were to exist in the groundwater in the vicinity 

of 903 P a d  Ryan’s Pit, the reductive dechlorination of carbon tetrachloride and its by products could be retarded. 

The graph on Figure 7-8 shows the concentrations of nitrate along the four -well cross section, and for well 11791. 

The nitrate concentration in source area well 07391 is 67 mg/L, which is far above the RFETS background mean of 

1.4 mg/L for Rocky Flats Alluvium (DOE 1993b). In Figure 7-8, nitrate concentration is seen to decrease in 

concentration away from the source to a range of 1-4 mg/L. Low nitrate values in the source would favor 

biodegradation, whereas high values would tend to retard dechlorination. Wiedemeier (et al, 1996) suggest that a 

concentration of nitrate above 1 mg/L may impact biodegradation of chlorinated organics. Given the typically high 

concentration of nitrate in the vicinity of well 07391 near Ryan’s Pit, it appears nitrate could be hampering the 

biodegradation process. Because nitrate is a key indicator of the efficacy of biodegradation on chlorinated solvents, 

continued sampling is advised. 

The sulfate concentration in well 07391 was 200 mgL, which is substantially above the RFETS background mean 

of 22 m g L  (DOE 1993b). Figure 7-8 shows the concentration of sulfate leveling off downgradient of well 07391 to 

227 
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the 60 mg/L range. Because sulfate and nitrate behave similarly with respect to their electron acceptance, lower 

values would be expected near the source if biodegradation was occurring in the source area. 

Wiedemeier et a1 (1996) suggest that sulfate above 20 mg/L could compete with the chlorinated solvents as an 

electron acceptor and thus retard the biodegradation process of the latter. Given that sulfate was found at 200 mg/L 

0 
I in the source area and at high levels away from the source, it can be deduced that sulfate may be retarding the 

biodegradation of volatile organics occurring at 903 Pamyan’s Pit. Because sulfate is a key indicator of the 

efficacy of biodegradation on chlorinated solvents, continued sampling is advised. 

Dissolved oxygen is the favored electron acceptor used by bacteria for the biodegradation process. Anaerobic 

bacteria cannot function at DO concentrations above 0.5 mg/L and hence, reductive dechlorination cannot occur 

(Wiedemeier, et al, 1999). Multiparameter downhole probes were installed in wells 07391, 1187 and 90399 to 

measure DO. Figure 7-8 shows that DO concentration (represented as an average of many 4-hour readings) at well 

07391 were approximately 5.4 mg/L and decreases to 4.2 mg/L in well 1187. DO readings at 90399 averaged 5.3 

mg/L. Taking the data at face value, it would appear that DO levels are detrimental for anaerobic degradation of 

organic compounds in this area. Unfortunately, there appeared to be some drift in the DO measurements from the 

downhole probes, which typically displayed lower readings with time in the well. Because of this drift, DO 

measurements may not reflect actual conditions in the groundwater. 

u 

7.3.3 Metabolic By-products 

Ferric iron (Fe33 is reduced to ferrous iron (Fe”) during anaerobic biodegradation of organic hydrocarbons. 

Therefore, an increase in ferrous iron concentration in the source area can suggest the amount of biodegradation that 

is occurring. Unfortunately ferrous iron was not collected from the 903 Pamyan’s Pit area wells in 2000 because 

of a sampling oversight. It will be collected in future sampling rounds. 

0 

The production of hydrogen sulfide occurs during sulfate reduction and verifies that sulfate is acting as an electron 

acceptor during biodegradation. Figure 7-8 shows that sulfide is fairly consistent in the wells along the plume cross 

section at approximately .028 mg/L. Wiedemeier et a1 (1996) believe that sulfide above 1 m g L  would allow 

reductive dechlorination to take place. The low amount of hydrogen sulfide generated is suggestive of insufficient 

reductive dechlorination. 

The presence of methane in groundwater is indicative of strongly reducing conditions. Methane can be produced 

through the biodegradation of petroleum hydrocarbons. The presence of methane in groundwater containing 

chlorinated solvents suggests that the chemistry of the groundwater is favorable for reductive dechlorination. Figure 

7-9 shows that methane decreases from approximately 0.003 mg/L in well 07391 to non-detect in downgradient 

wells. Well 1 1791 shows the highest methane measurement at .022 m a .  Wiedemeier et a1 (1996) believe that 

methane above 0.1 m g L  would allow reductive dechlorination to take place. Except for well 1 1791, methane 

values along the plume cross-section are fairly low, suggesting that the chemistry of the groundwater is not 

favorable for reductive dechlorination, or at least the complete breakdown of solvents to the methane end product is 

7 -  13 

22 d 



0 I -RF-02 IO 7 
2000 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 
.~ 

not occurring. However, the higher methane reading at well 1 179 1 may suggest that a more favorable environment 

occurs closer to the 903 Pad source area. Because methane is a key indicator of the efficacy of biodegradation on 

chlorinated solvents, continued sampling is advised. 0 
The presence of elevated concentrations of chloride in downgradient groundwater relative to upgradient locations 

suggests that reductive dechlorination of organic solvents is taking place. This is because the replacement of 

hydrogen for chlorine in the chemical structure of the chlorinated organic compound during reductive dechlorination 

releases chlorine in the process. Figure 7-8 shows the concentrations of chloride seen in well 07391 are very high 

(470 mg/L). Chloride concentrations drop in downgradient well 1 187 to 69 mg/L and finally down to 34 mg/L in 

well 90399. Well 11791 has a similar value of 59 mg/L. The WETS background mean concentrations for chloride 

in alluvial materials is 8 to 18 mg& (DOE 1993b). The Groundwater Geochemistry Report for WETS (EG&G 

199%) shows that chloride concentration increases from west to east at WETS and that chloride concentrations in 

the Industrial Area range from 25 to. 100 mgL.  Given the dramatic change in chloride concentration from well 

07391 relative to downgradient wells, it may be that some reductive dechlorination is occurring at the Ryan’s Pit 

Plume. 

7.3.4 Conclusions and Recommendations 

The results from the sampling in 2000 suggest that in general, conditions downgradient of the 903 Pamyan’s  Pit 

source areas may not be favorable to biodegradation of VOCs. Table 7-4 shows the score for determining whether 

biodegradation is feasible in the area of the 903 P a d  Ryan’s Pit Plume. A suggested by Wiedemeier et a1 (1996), a 

score of 0 to 5 points indicates that there may be minimal biodegradation occurring. This is the case for the single 

round of sampling data available for the 903 Pamyan’s  Pit Plume wells. 

e 
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Table 7-4 Checklist for Determination of Biodegradation: 903 P a m y a n  ’s Pit 

Well 0739 1 does contain significant concentrations of potential breakdown products in the form of TCE, which 

could be a daughter product of PCE, and chloroform, which could be a breakdown product of carbon tetrachloride. 

Unfortunately, process knowledge of organic solvents used at the site rehtes the PCE-TCE transition because large 

amounts of TCE were used. Questions remain as to how much chloroform was used at the Site. The history of 

Ryan’s Pit involves the dumping of many liquid wastes, the actual make-up of which is not well documented. 

Monitoring is proposed to continue along the Ryan’s Pit plume cross section. It is recommended that a well 

upgradient of the source areas, or at least a well unaffected by the sources, be monitored for establishing 

background water quality. 

7.4 PU&D Yard Plume Investigations 

In 2000, The Water Programs Group expanded upon a field investigation initiated in 1997 to evaluate the nature and 

extent of VOC groundwater contamination in the PU&D Yard area. Section 8.4 discusses the groundwater 

evaluation project that was conducted. Maps showing the location of the plume and the wells discussed can be 

found in Figures 8.7 - 8.1 1 in Section 8. 
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30900 

01497 

70693 

02097 

An additional component of the PU&D Yard Plume investigation was the identification of wells suitable for 

evaluating plume degradation. As with other plume degradation projects, wells were chosen so as to be along the 

contaminant migration pathway in the plume. This cross section along the plume was defined by well 01097, which 

is upgradient of the known source; well 30900, which is in the source, and wells 01497, 70693 and 02097 which are 

located in the plume, downgradient of the source. Plume degradation parameters were collected from these wells 

and are listed in Table 7-4. 

1/17/01 0.3 1 1 1 5 

1/24/01 7 1 0. I 1 1 

1/24/01 2 0.8 1 2 1 

1/24/01 1 0.9 0.2 2 17000 

Table 7-5 PU&D Yard Sample Results 

30900 

01497 

70693 

02097 

1/17/01 1 1 1 2.5 

1/24/01 0.7 0.7 1 2 

1/24/01 38 0.3 1 2 

1/24/01 13 4 1 2 

30900 

01497 

70693 

02097 

1/17/01 120 9 1.2 0.5 1 2 

1/24/01 15 33 2 79 1 2 

1/24/01 5 9 0.3 25 1 2 

1/24/01 5 30 0.3 9 0.9 2 

01097 1/24/01 0 079 3 5  7 3  NA 0 649 2 5  

30900 1/17/01 15 0 056 NA 6 4  NA 1 4  0 05 

01497 1/24/01 23 0 08 5 1 1  NA 0.5 0 05 

70693 1/24/01 24 0 031 NA I 1  NA 0 62 0 05 

02097 1/24/01 32 0 002 NA 16 NA 8.2 0 5  

NA = not analyzed 

7.4.1 Electron Donors 

Figure 7- 1 1 shows results for total organic carbon for the first quarter 200 1. TOC is approximately 0.65 mg/L in 

upgradient well 01097, and increases to 1.4 mg/L in source well 30900. The TOC values then decrease again to 

approximately 0.5 - 0.6 mg/L in wells 01497and 70693, then rise again to 8.2 mg/L in well 02097. Wiedemeier et 

a1 (1996) suggest that TOC values above 20 mg/L ensure that enough carbon is present to drive dechlorination. 

Therefore, the limited amount of carbon in groundwater may be retarding the rate of reductive dechlorination in the 

PU&D Yard area. 
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7.4.2 Electron Accept0 rs 

Tetrachloroethene is the predominant chlorinated organic compound found in the PU&D Yard source along with 

trichloroethene. Figure 7-12 shows that there is no PCE or TCE in upgradient well 01097 and that PCE drops in 

concentration from 120 p g L  at the source well to approximately 5 pg/L downgradient along the plume. Figure 7-12 

also shows that TCE and 1,l-DCE increase in concentration downgradient of the source well in well 01497. 

Downgradient of well 01497, 1,1 -DCE decreases in concentration to 9 pg/L at well 02097. TCE decreases in 

concentration to 9 pg/L at well 70693 before increasing again to 30 pg/L at well 02097. Other breakdown products 

of PCE were not observed. 

Given the data available, it would appear that there may be reductive dechlorination occurring in the vicinity of well 

0 1497 which is causing the TCE and l , l ,  DCE daughter products to be formed from the PCE found in the source. 

Unfortunately, process knowledge of organic solvents used at the Site complicates the PCE-TCE transition because 

large amounts of TCE were used. Questions remain as to whether 1,1, DCE was used as a process chemical at the 

Site. Also, the plume maps in Section 8 show that in addition to TCE and 1,l DCE, carbon tetrachloride and 1,1,1 

TCA increase downgradient of the source well. Since carbon tetrachloride and 1 ,1, 1 ,TCA are not breakdown 

products of PCE or TCE, there is good evidence that there is a different source contributing to the plume in the area 

of 0 1497. If this is true, then the occurrence of TCE and 1,l DCE is also suspect given that 1 ,I -DCE is 

predominantly a breakdown product of 1,1,1 TCA. It is suggested that sampling for these compounds continue for a 

sufficient time period to establish a rate of breakdown at the source. 

Nitrate and sulfate were analyzed because these species, along with dissolved oxygen, can compete with chlorinated 

solvents as electron acceptors. If high levels of nitrate and/or sulfate were to exist in the groundwater in the vicinity 

of PU&D Yard source, the reductive dechlorination of carbon tetrachloride and its by products could be retarded. 

The graph on Figure 7-1 1 shows the concentrations of nitrate along the five well cross section. The nitrate 

concentration in upgradient well 0 1097 is 2.5 m a ,  which is slightly above the WETS background mean of 1.4 

mg/L for Rocky Flats Alluvium (DOE 1993b). In Figure 7-16 nitrate concentration is seen to decrease in 

concentration downgradient to 0.05 m a  and slightly rising again to 0.5 mg/L at well 02097. Low nitrate values in 

the source would favor biodegradation whereas high values would tend to retard dechlorination. Wiedemeier et a1 

(1996), suggest that a concentration of nitrate above 1 mg/L may impact biodegradation of chlorinated organics. 

Given the low nitrate values in this plume it appears that nitrate would not hamper the biodegradation process. 

Because nitrate is a key indicator of the efficacy of biodegradation on chlorinated solvents, continued sampling is 

advised. 

The sulfate concentrations in well 01097 is 16 m a ,  which is below the WETS background mean of 22 mg/L 

(DOE 1993b). Figure 7-1 1 shows the concentration of sulfate steadily rising downgradient of well 01097 to 32 

mg/L in well 02097. Because sulfate and nitrate behave similarly with respect to their electron acceptance, lower 

values would be expected near the source if biodegradation was occurring in the source area. Wiedemeier et a1 

(1996) suggest that sulfate above 20 mgL could compete with the chlorinated solvents as an electron acceptor and 

thus retard the biodegradation process of the latter. Given that sulfate was found at 15 mg/L in the source area and e 
333- 
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at slightly higher levels away from the source, it can be deduced that sulfate may have little effect the 

biodegradation of VOCs occurring at the source, but could inhibit the process in the downgradient PU&D Yard 

plume. Because sulfate is a key indicator of the efficacy of biodegradation on chlorinated solvents, continued 

sampling is advised. 

@ 

Dissolved oxygen is the favored electron acceptor used by bacteria for the biodegradation process. Anaerobic 

bacteria cannot function at DO concentrations above 0.5 mgL and hence, reductive dechlorination cannot occur 

(Wiedemeier, et al, 1999). Multiparameter downhole probes were installed in wells 01097 and 01497 to measure 

dissolved oxygen. Figure 7-1 1 shows that DO concentrations (as an average of many 4-hour readings) at well 01097 

were approximately 0.20 mgL and increases to 5.8 mg/L in well 01497. Taking the data at face value, it would 

appear that DO levels are favorable to anaerobic degradation of organic compounds upgradient of the source, but 

become unfavorable downgradient of the source in this area. Unfortunately, there appeared to be some drift in the 

DO measurements from the downhole probes, which typically displayed lower readings with time in the well. 

Because of this drift, DO measurements may not reflect actual conditions in the groundwater. 

7.4.3 Metabolic By-products 

Ferric iron (Fe3') is reduced to ferrous iron (Fe2') during anaerobic biodegradation of organic hydrocarbons. 

Therefore, an increase in ferrous iron concentration in the source area can suggest the amount of biodegradation that 

is occurring. Unfortunately, ferrous iron measurements were not collected from the PU&D Yard area wells in 2000 

because of a sampling oversight. It will be collected in future sample rounds 

The production of hydrogen sulfide occurs during sulfate reduction and verifies that sulfate is acting as an electron 

acceptor during biodegradation. Figure 7-1 1 shows that sulfide concentration is 0.079 in upgradient well 01097, and 

0.056 mg/L in source well 30900. Sulfide in well 01497 is 0.08 mg/L, 70693 us 0.031 mg/L and in well 02097 is 

0.002 mgL.  Wiedemeier et a1 (1996) believe that sulfide above 1 mg/L would allow reductive dechlorination to 

take place. The low amount of hydrogen sulfide generated is suggestive of insufficient reductive dechlorination. 

The presence of methane in groundwater is indicative of strongly reducing conditions. Methane can be produced as 

the final breakdown product of carbon tetrachloride biodegradation. The presence of methane in groundwater 

containing chlorinated solvents suggests that the chemistry of the groundwater is favorable for reductive 

dechlorination. Table 7-5 shows that methane is undetected in upgradient well 01097, is 0.005 mg/L in well 30900, 

and is undetected in wells 01497 and 70693. Well 02097 shows a very high methane measurement at 17 mg/L. 

Wiedemeier et a1 (1996) believe that methane above 0.1 m g L  would allow reductive dechlorination to take place. 

Except for well 02097, methane values along the plume cross-section are fairly low, suggesting that the chemistry of 

the groundwater is not favorable for reductive dechlorination, or at least the complete breakdown of solvents to the 
, methane end product is not occurring. The high methane reading at well 02097 is interesting given that most other 

biodegradation parameters are generally unfavorable for biodegradation at this well. One possibility is that methane 

generated from the Present Landfill is migrating into the area of well 02097. The 1995 Geologic Characterization' 

Report (EG&G 1995a) suggests that a hypothesized bedrock fault trends near well 02097. It is possible that 
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methane from the landfill could migrate along the fault to this location, however, additional investigation is required 

to confirm this possibility. Because methane is a key indicator of the efficacy of biodegradation on chlorinated 

solvents, continued sampling is advised. 

The presence of elevated concentrations of chloride in groundwater relative to upgradient locations suggests that 

reductive dechlorination of organic solvents is taking place. This is because the replacement of hydrogen for 

chlorine in the chemical structure of the chlorinated organic compound during reductive dechlorination releases 

chlorine in the process. Figure 7-1 1 shows that chloride concentrations steadily increase from 7.3 mg/L at 

upgradient well 01097 to 16 mg/L at the farthest downgradient well (02097). The W E T S  background mean 

concentrations for chloride in alluvial materials is 8 to 18 mg/L (DOE 1993b). The chloride concentration is, 

therefore, increasing downgradient, which would suggest that biodegradation may be occurring. However, the 

values obtained are within the range of normal upgradient background concentrations for the Site and may not 

suggest increased biological activity. Because chloride values on Site can be affected by the use of salt on the 

roadways during the winter, the data may be suspect as a key indicator of the efficacy of biodegradation on 

chlorinated solvents. 

7.4.4 Conclusions and Recommendations 

The results from the sampling in 2001 suggest that in general, conditions downgradient of the PU&D Yard source ' 

areas may not be favorable to biodegradation of VOCs. Table 7-6 shows the score for determining whether 

biodegradation is feasible in the area of the PU&D Yard Plume. In general, because these scores are between 0 and 

5, conditions appear to be unfavorable for biodegradation to take place in both the source and in the downgradient 

plume. Complications arise in evaluating the data with respect to the TCE and 1,l DCE daughter products and 

whether these compounds are associated with another plume source downgradient of the known source. The high 

methane value found in well 02097 should be verified by additional sampling. 
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Table 7-6 Checklist for  Determination of Biodegradation: PU&D Yard Plume 

7.4.5 PU&D Yard Plume Treatability Study 

The PU&D Yard at RFETS, also known as IHSS 170, was used to store empty drums, dumpsters, cargo boxes and 

excess materials from 1974 until 1997. A plume of VOC contaminated groundwater is derived from a contaminant 

source located in the PU&D Yard (see Figures 8.7 - 8.1 1). Investigation results indicate that subsurface VOC 

contamination is present in only a few locations and that the primary contaminant is PCE. Most of the soil 

contamination lies in the saturated zone, and the groundwater plume, although well developed, is relatively 

dispersed with low concentrations of solvents. 

A treatability study is in progress to evaluate the effectiveness of Hydrogen Release Compound (HRCO) for 

enhancing biodegradation of the VOCs in the groundwater and soil at the PU&D Yard Plume. HRCO is a 

proprietary, environmentally safe, food quality, polylactate ester formulated for slow release of lactic acid upon 

hydration. The HRC@ is expected to stimulate rapid degradation of chlorinated VOCs found in groundwater and soil 

at this location by making low concentrations of hydrogen available to the resident microbes to use for reductive 
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A treatability study is in progress to evaluate the effectiveness of Hydrogen Release Compound (HRC@) for 

enhancing biodegradation of the VOCs in the groundwater and soil at the PU&D Yard Plume. HRC@ is a 

proprietary, environmentally safe, food quality, polylactate ester formulated for slow release of lactic acid upon 

hydration. The HRC@ is expected to stimulate rapid degradation of chlorinated VOCs found in groundwater and soil 

at this location by making low concentrations of hydrogen available to the resident microbes to use for reductive 

dechlorination. The HRC@ is expected to be a one-time application. According to the manufacturer (Regenesis), the 

material is expected to stimulate contaminant degradation for approximately one year. 

5.5 

The product has been used at other sites to stimulate rapid degradation of chlorinated VOC contaminants in 

groundwater and soil. This study will evaluate the effectiveness of HRC@ in the low flow groundwater regimes 

common at WETS. This project is a cooperative effort between WETS and the DOE Subsurface Contaminant 

Focus Area (SCFA) and funding is provided by DOE SCFA. 

- ~ . . ~  

RFCA Tier I Groundwater Action Levels 
RFCA Tier I1 Groundwater Action Levels 

A number of investigations have been conducted in the PU&D Yard area during the 1990s. Based on these 

investigations, the study area was located in the northeast comer of IHSS 174 in the PU&D Yard, within the most 

highly contaminated portion of the PU&D Yard Plume. The contamination is likely derived from storage of drums 

that contained residual VOCs. Although the primary contaminant in the study area is PCE, there are many different 

chlorinated and non-chlorinated solvents present in the groundwater. 

500 500 
5 5 

A monitoring well (30900) was installed in 2000 in a location immediately adjacent to borehole 17497, where the 

highest concentrations of VOCs in soils were detected. An additional monitoring well (3 1001) was installed slightly 

downgradient of the source area in January 2001. Baseline samples were collected from these two monitoring wells 

prior to insertion of the HRC@ (see Table 7-7). 

Table 7- 7 Baseline Groundwater Concentrations 

In February 2001, 16 small diameter boreholes were drilled as insertion points for the HRC@. Approximately 800 

pounds of HRC@ was placed into the subsurface. These material insertion points are located within the source area 

of the plume immediately surrounding borehole 17497. Instead of injecting the HRC@ into the aquifer, a tremie pipe 

was placed in each material insertion point and slowly withdrawn as each hole was filled with HRC@. Once filled, 

each hole was capped in bentonite. Insertion of the HRC@ was completed on March 1,2001. 
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Monitoring was initiated at the end of April 2000, two months after the HRC@ was inserted. The purpose of this 

delay was to allow subsurface conditions to stabilize. Monthly monitoring of wells 30900 and 3 1001 has continued 

subsequent to the initial sampling to evaluate the effectiveness of the treatment. 

7 - 22 



8.00 

7.00 

6.00 

2 5.00 z 
U 

* 

S 
0 .- 
E 4.00 
S 
0) 
0 r s 3.00 

2.00 

1 .oo 

0.00 
18799 

IHSS 118.1 

-+- .Nitrate 3rd Qt99 
-w- Sulfide 3rd Qtr99 
-X-TOC 3rd Qtr99 
==+- *Nitrate 1st QtrOO - Sulfide 1st QtrOO 
OX-TOC 1st QtrOO 

\ -X- #Nitrate 4th QtrOO 
-0-Sulfide 4th QtrOO 

B -23-TOC 4th QtrOO 
\ -A-TOC 1st Qtr99 I*- INitrate 1st Qtr99 

I \ -.-Sulfide 1 st Qtr99 

B t  

\ / 

/ \ 

/ \ \  \ 

\ I  = 

\ 

\ \ 
,,;/ %VJ cs \\ \ \', 

.,& A ,pL 
//I t ,  / / I 

I // 

s, Y B  

4 T= 4.4;, 
" 8 i z  \ 

4 

// ++ 
/ I 5' -% a\+! 

P I 
-e Q 

%* 
Q.3 

'% 
" cl ai 
* m  

# 
I \  //' I 
'5. 

A 

I 
v 

/ 
, ' \  - -'- ;\: 'I - *-I-- 

-6 - - I - - -  - I 
a - 

18499 18199 

Wells 

21098 



70000 

60000 

50000 

18799 18499 18199 21 098 

Wells 

4- Carbon Tet 1st QtrOO - 4 - Chloroform 1st QtOOr 
-3- Carbon Tet - 3rd Qtr99 - - Chloroform- 3rd Qtr99 - 
-X- Carbon Tet - 4th QtrOO 

I - - Chloroform 4th QtrOO 
\ ==an Carbon Tet 1st Qtr99 

,z 
i 

I Chloroform 1st Qtr99 - I 1-1 di 
\. 



3000 

2500 

2000 

Figure 7- 4 
Methylene Chloride, Chloromethane and Methane Concentrations at IHSS 11 8.1 -- *Methylene Chloride 3rd Qtr99 

-3- Chloromethane 3rd Qtr99 
-A- IMethane 3rd Qtr99 
-X- #Methylene Chloride 1 st QtrOO 
+Chloromethane 1st QtrOO 
4- *Methane 1 st QtrOO +- IMethylene Chloride 4th QtrOO 

Chloromethane 4th QtrOO -- *Methane 4th QtrOO 
- --I 

1000 
\ 

\ 

500 

0 
18799 18499 18199 21 098 

Wells 



Figure 7- 5 
Chloride and Sulfate Concentrations at IHSS 118.1 
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TABLE 7- 8 
Sulfate, Sulfide, Nitrate, Chloride, TOC and Dissolved Oxygen for Ryan’s Pit Plume 

Degradation 
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TABLE 7 - 1 1  
Sulfate, Sulfide, Nitrate, Chloride, TOC and Dissolved Oxygen: PU&D Yard Plume Degradation 
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8.0 GROUNDWATER EVALUATIONS 

8.1 East Industrial Area Plume Investigation 0 
In 1999, an investigation of the eastern edge of the Industrial Area VOC groundwater plume (EIAP) was initiated. 

The known extent of the plume, based on the existing wells in the area, appeared to coincide with a major north- 

south utility corridor located east of Eighth Street in the industrial Area (RMRS, 1999~). The utility corridor 

extends in a north-south direction through most of this portion of the IA and contains numerous power and water 

lines. Because well coverage in this part of the 1A was sparse, a project was designed to evaluate whether 

contaminated groundwater has migrated east past this corridor. Figure 8-1 presents the site area and existing 

monitoring wells. 

The general approach for the EIAP groundwater investigation was to complete a line of wells in the UHSU along the 

utility corridor, which generally corresponds to the IHSS running north-south along Eighth Street on Figure 8- 1 .  The 

line extends from the northwest comer of Building 776 in the north to the northwest comer of Building 88 1 in the 

south. Wells 60099 through 61499 were installed, except for well 60999, which could not be installed because of 

the density of utilities at the comer of Eighth and Central Avenues. Existing well 6186 was substituted for this well 

and is not far from the proposed location of 60999. Wells 60799 and 61399 were installed to investigate a known 

bedrock scour that trends in a northeast direction and was thought to direct groundwater preferentially in this area. 

Existing well 37791, located adjacent to the northwest comer of Building 881, was utilized for the southernmost 

well in the line. 

The new EIAP wells were installed in September and October of 1999. Wells were installed with a Geoprobe rig 

and were %-inch in diameter. In some cases the alluvium was very thin, but averaged eight to nine feet thick in most 

places. The bedrock was not extensively weathered in many of the boreholes. Sampling was begun in the 4" 

quarter of 1999 and continued into 2000. Because of limited saturated thickness and the fact that 2000 was a 

relatively dry year, initial well development and sampling of some of the EIAP wells was difficult. A second round 

of samples and additional water level data were collected in the 4" quarter of 2000 to confirm the previous sampling 

results. Table 8- 1 ,  which shows the depth to bedrock and the saturated thickness of the alluvium in EIAP and 

associated wells (unless the water table elevation is below the level of the bedrock), has been updated to reflect the 

second sample round. 

Figure 8-2 presents an updated water level potentiometric surface map, prepared using 4" Quarter 2000 data. The 

potentiometric surface map is in general agreement with the map prepared for the 1999 Annual report. A possible 

drainage divide is depicted in the southern portion of Figure 8-2 but is only defined by two wells, P2 18289 and 

P313.589. If present, the drainage divide might help explain the decrease in saturated thickness in the southern 

portion of the EIAP line. Figure 8-2 does show that water levels decrease from west to east. However, 

complications arise when trying to ascribe this change to the utility corridor alone. Figure 8-2 shows the 5990 

potentiometric contour straightening in the area of wells 61099, 61 199, 61299 and 37791. This perturbation of the 
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contour is primarily because of the effects of the foundation drains in Building 883, which have an elevation of 5981 

feet, which is ten feet below the water table in the immediate vicinity. Building 881 also has foundation drains at 

even lower elevations, which are effecting the water table in this area. Further evidence for a lack of impact from 

the utility corridor is the similarity of water levels in wells west of the corridor with those installed along the EIAP 

line east of the corridor. Wells 60799 and 60899 are east of the corridor, yet show no marked change in water level 

relative to well P2 15789 that is west of the corridor. Similarly, well 6 1299 is east of the corridor and only shows 

approximately one foot of water table elevation difference when compared with well P320089 west of the corridor. 

The regional hydraulic gradient in the central IA as shown in Figure 8-2 is .015 ft/ft of distance. The gradient 

between well P320089 and well 61299 is approximately .004 Wft of distance, which is less than the regional 

gradient. 

Figure 8-3 is an isopleth map showing water table saturated thickness for unconsolidated surficial deposits in the 

area of the utility corridor. Figure 8-4 is an isopach map showing the thickness of unconsolidated deposits in the 

same area. The two maps are similar in appearance, and show that both alluvial thickness and saturated thickness 

decrease from west to east, The change in the saturated thickness can be observed for wells in the area to ascertain 

whether a drastic change in saturated thickness or water level occurs across the utility corridor. In general, saturated 

thicknesses of alluvial materials found along the EIAP line are small, especially in the northern half of the line 

where water levels are near the bedrock contact or below it. The largest saturated thickness seen in wells east of the 

line occurs in wells P213689, 61099, and 61 199. Coincidentally, the latter two wells have significant detections of 

PCE. Taken as a whole, the wells immediately east of the utility corridor tend to have an alluvial saturated thickness 

of 1-2 feet. Comparison of this saturated thickness with wells to the west of the utility corridor suggests that 

changes may be normal for the area. Wells P3 13589 and P215789 have had a historic saturated thickness averaging 

approximately 4 feet. Farther west, wells P114689, P115689 and P414189 tend to have saturated thicknesses of 10- 

12 feet. The change in saturated thickness between these two sets of wells takes place over a distance of 

approximately 750 feet in an east-west direction in the IA. Changes from the 4 foot saturated thickness to wells with 

1-2 feet of saturated thickness occur over a similar distance. Therefore, there appears to be a natural gradient for 

water levels in the central IA; strong evidence is lacking of an abrupt change at the utility corridor. The maps 

suggest that these decreases are not abrupt in the location of the utility corridor, but are probably affected by the 

corridor locally. 

An important feature is depicted on both maps in the area encompassing well 61 199. Here the alluvial materials are 

thicker than in adjacent wells, and cause a perturbation in the isopleth map. This increase in thickness is caused by 

an increase in the depth to bedrock in well 61 199, suggesting that there may be a bedrock scour in this area. Given 

that well 61 199 is the focus for PCE and TCE that appears to be migrating past the utility corridor in this area, it can 

be concluded that the bedrock scour is aiding in contaminant migration. Figures 8-5 and 8-6 show TCE and PCE 

concentrations in the &ea of the EIAP line. 
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Table 8-1 Water Levels and Saturated Thickness-for EIAP Line 

60199 

60299 

60399 

60499 

60599 

60699 

60799 

60899 

6 1099 

61 199 

6 1299 

6 1399 

61499 

6186 

P3 13589 

P3 17989 
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Sample from the EIAP wells were analyzed for VOCs using EPA method 524.2. Table 8-2 has been updated to 

show the recent sampling results for detected VOCs along the EIAP line. The results from the second round of 

sampling confirm the earlier results and suggest that concentration levels are consistent throughout the year. 

PCE was the only organic compound detected above Tier I1 action levels, except for TCE, which was detected 

above Tier I1 in wells 60599 and 61 199. Wells 61099 and 61 199 showed detections of PCE at 26 and 230 pg/L 

respectively. Farther north, well 60599 contained concentrations of PCE at 11 1 &L. Well 61499 showed PCE at 

the action level of 5 pg/L and well 60199 showed PCE at a concentration of 56 pg/L. Wells located between these 

wells were either dry or showed no detections of VOCs. 

The results suggest that contamination is moving across the utility corridor in three areas as evidenced by the 

detections in wells listed above. Contaminant concentrations are all below the Tier I action level, which helps 

define the high concentration portion of the IA plume better than was known previously. It is possible that the 

concentrations of contaminants in well 61499 are an extension of those seen in well 60599; however, this is not 

certain. The detection of PCE in the southern portion of the EIAP line is consistent with high PCE contamination 

near well P320089. However, wells 22896 and PI 14689 show high TCE that is not showed by other wells in the 

northern portion of the EIAP line. 

Evaluation of the.eastern portion of the IA plume has better defined the migration of VOCs in the vicinity of the 

major north-south utility corridor. Recommendations for additional work involve implementing the evaluation of 

the IA plume sources, which is proposed for CY 2001. Though evidence now suggests that contaminants are 

moving laterally along the utility corridor, future investigation may prove necessary if it supports Site closure. 

e 
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Table 8-2 VOC Detections in Groundwater EIAP Line 

8.2 Groundwater ICP/MS Sampling Project 

The inductively coupled plasmdmass spectrometry (ICPNS) uranium project is a joint venture between CDPHE 

and WETS to accurately determine the concentration of uranium isotopic species for areas with relatively high 

uranium at WETS. The project is an outgrowth of a smaller investigation performed as part of the Solar Ponds 

Plume investigation, which was completed in 1998 (RMRS 19990. The ICP/h4S analytical method is more accurate 

in determining uranium species than the standard alpha spectrometry analysis done at WETS. ICP/MS calculates 

an isotopic mass as opposed to an activity, which is measured by alpha spectrometry and is, therefore, less 
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influenced by count time and masking effects. The goal of the ICP/MS sampling is to determine where 

anthropogenic uranium contamination, as opposed to natural uranium, is occurring at WETS. e 
Uranium samples were collected from July 1999 through August 2000. In most cases, four ICP/MS samples were 

collected from a well so as to have a statistically qualified population for each location. At the time of the writing of 

the 1999 Annual Report, three samples collected from the initial set of wells had not been analyzed. These wells are 

00997,3799 1 and 07391. Table 8-3 lists the mean results from the lCP/MS sampling, and has been updated to 

include the three outstanding samples in the mean calculations. Table 8-3 also includes the sample data from the 

Solar Ponds Plume investigation. Some of these wells were only sampled once and are listed with a 'Single Value' 

designation in the table. 

All samples were analyzed at the Los Alamos National Laboratory Isotope Lab mew Mexico), which has equipment 

capable of detecting small amounts of isotopes such as U-236 with the required accuracy. Isotopic concentrations 

were established for U-234, U-235, U-236 and U-238. From the isotopic data uranium ratios were determined. 

These ratios can be used to determine which locations show effects other than would be typical of natural uranium in 

the environment. 

The U-235AJ-238 ratio in nature is .0072. A ratio higher than this would suggest that enriched uranium @e., U-235) 

had been introduced to the environment. A ratio that is smaller than this number would suggest that depleted 

,uranium (i.e., U-238) had been added to the environment. In addition, any detectable ratio for U-236AJ-238 would 

suggest the introduction of anthropogenic uranium because U-236 is a fission product and not found in nature. 

Figure 8-7 is a plot of the U-235/U-238 ratio versus the U-236AJ-238 ratio. A horizontal line denotes the .0072 ratio 

point for U-235/U-238. The vertical line denotes the zero point for U-236AJ-238. As can be seen from Figure 8-7, 

most wells plot near the .0072 point and suggest that natural uranium is represented in the majority of wells 

sampled. The ratios that occur to the right of the zero point for U-236AJ-238 suggest that some U-236 may occur in 

these wells. Those wells that occur in the northeast or southeast quadrants of the figure also show the effects of 

either enriched or depleted uranium. 

As discussed above, Table 8-3 lists the mean results from the ICP/MS sampling, and has been updated to include the 

three outstanding samples in the mean calculations. Table 8-4 shows the data from the new sample locations. 

Figures 8-8 and 8-9 show the location and values for U-235AJ-238 ratios and U-236/ U-238 ratios, respectively. 

. 
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Table 8-3 Summary of Original ICPRMS Isotope Data (updated) 
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Table 8-3 Summary of Original ICPMS Isotope Data (updated) continued x 

Based on the initial results of the ICP/MS investigation, eight additional wells were selected for a single round of 

sampling. Well 90099 was chosen because it is downgradient of well 07391, which had a depleted uranium 

signature. Well 41 199 was chosen to provide additional data on the possible migration of anthropogenic uranium 

from Building 886, which was also the reason for sampling well 22996 in the previous sample rounds. Building 886 

was a former uranium research laboratory. Well 5287 was selected to provide additional characterization of the 

uranium in groundwater near Building 881, which will augment data from well 5387, which was sampled in the 

initial rounds. Building 881 was a former uranium processing building. Sample location SW13494 is the footing -. 

drain sump that is monitored as part of Building 881 D&D monitoring. Well 10894 is in the Walnut Creek drainage, 

upstream of well 41691, which had a slight depleted uranium signature from the previous sampling. Well B206989 

is a well that monitors groundwater downgradient of the Present Landfill. Sample location SW097 is the effluent 

from the leachate collection system for the Present Landfill. These samples augment previous samples collected 

from wells 4087, 52894 and 53 194 to help characterize the relatively high uranium found in drainage wells in No- 

Name Gulch. Well 00897 is a performance monitoring well downgradient of the Mound and Trench T- 1 source 

areas. It would be expected that depleted uranium might be found in this area because it was a prime component of 

the T- 1 source removal action. 
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Table 8-4 Summary ICPMS Isotope Data -Additional Wells 

Interpretation of these ICPMS values is complicated by the fact that groundwater is the medium being investigated. 

Groundwater can encounter both natural uranium as well as anthropogenic uranium as it migrates through the 

subsurface. This potential mixing of sources complicates the determination of anthropogenic influence based 

strictly on the ratios observed. In addition, historic processes at WETS involved both depleted and enriched 

uranium, which may hamper ratio determination if these wastes accumulated in the same area (e.g., Solar Ponds). 

As a first approach to data analysis, the U-235/U-238 data was screened using the mean plus one standard deviation 

to identify those values that clearly fall outside the 70% area of the distribution (assuming normal distribution). To 

identify those wells where mixing of natural and anthropogenic sources may have occurred, the mean plus 1/2 

standard deviation was used. These estimations are coupled with known information on radionuclide spills at 

WETS to evaluate the results of the ICPMS sampling. 

The additional sample data for wells 07391,00997 and 37991 did not appreciably change the U-235/U-238 and U- 

236 signatures compiled in the 1999 Annual report. Wells 5287,00897,10894, B206989,90099 and surface water 

sample location SW13494 all show values that suggest a natural uranium ratio for U-235A.J-238 and no appreciable 

U-236 concentration. Well 41 199 has a U-235/U-236 ratio that suggests an enriched uranium signature and is the 

highest U-235/U-238 ratio obtained so far. The U-236/U-238 ratio is also above the mean plus 1 standard deviation 

suggesting the association of some U-236 with the source. Well 41 199 is a D&D monitoring well located due east 

(downgradient) of Building 886. This location is near the main uranium solution holding tank area in the building, 

so it is not surprising that the location could have a contribution of anthropogenic uranium. The total uranium 

concentration in this sample is relatively low (1 1.5 pg/L) compared to the average concentration for the ICP/MS 

data set, which is approximately 100 p a .  This suggests that though some anthropogenic uranium is found in 

groundwater at this location, at present there is a small volume of material that is migrating out from the building. 

Sample location SW097 has a U-236/U-238 ratio that is higher than the mean + 1 standard deviation point, 

suggesting the possibility that some material containing U-236 may exist in the Present Landfill. Typically, the 

higher U-236 values are accompanied by a U235/U-236 ratio that suggests depleted or enriched affinities. The fact 

that this is not seen in this sample is interesting and additional sampling may be warranted to c o n f m  this result. 
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As a result ofthe ICPMS project, recommendations can be made about monitoring uranium in the groundwater at 

RFETS. The additional data confirm the earlier observations that the majority of uranium in groundwater is natural. 

There are small areas of RFETS that do show the effects of anthropogenic uranium. The ICP/MS data can be used 

to reduce remediation concerns related to the presence of uranium at levels exceeding current RFCA action levels. 

Additional locations for ICP/MS sampling may be chosen in the future to better determine where these areas of 

anthropogenic uranium are with respect to groundwater, but additional sampling efforts will be dependent upon 

available funding. 

8.3 Central Industrial Area Plume Investigation 

A groundwater evaluation was proposed in the early part of 200 1 to identify potential source areas of groundwater 

contamination in the Central Industrial Area Plume (CIAP) and to refine the definition of the interior and higher 

concentration portions of the plume. This evaluation is designed to help assess future monitoring needs, to evaluate 

the potential for plume degradation, and to provide data for possible remediation of the plume. The proposed 

investigation is described in a SAP that has been submitted to state and federal regulatory agencies for review and 

comments. To date, the SAP has been reviewed by the CDPHE and is currently under review by the EPA. The SAP 

incorporates information and data interpretation from previous investigations conducted in this area. 

The hydrogeologic site evaluation proposed in the SAP encompasses most of the area in the IA plume and is 

bounded approximately by Cactus Avenue on the south, the former PA on the north, Eighth Street on the east, and 

Fourth Street on the west. The IA plume is a broad area of chlorinated hydrocarbon contamination that has been 

previously identified and delineated from sampling data collected during the 1990s. The constituent organic 

compounds that comprise the plume include PCE, TCE, carbon tetrachloride, and vinyl chloride. Existing sampling 

data are insufficient to accurately define the lateral extent of the interior regions of the plume and whether the 

highest concentration areas are related to single or multiple sources. The SAP proposes installing 13 wells to 

monitor groundwater quality in the IA plume area and utilizing existing wells within the area that have not been 

sampled since the mid 1990s. Proposed monitoring well locations have been selected along groundwater flow 

path(s) associated with higher concentration areas to determine whether these areas have impacted downgradient 

portions of RFETS, and whether a uniform concentration gradient exists along the flow path(s). 

8.4 

8.4.1 

PU&D yard Plume Investigation 

Well Installations 

A Sampling and Analysis Plan was developed and approved by the Agencies to implement new well installations 

and sampling at and adjacent to the PU&D Yard (RMRS 2000e). The SAP focused on the distal margins of the 

plume in order to evaluate potential preferential pathways of groundwater towards surface water, especially in areas 

of sparse well coverage. The SAP also addressed well installations in two anticipated source areas. Potential 
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surface water receptors include North Walnut Creek, in particular the reach between the Material Storage Tanks 

(MSTs) on the east and the PU&D Yard on the west; and No Name Gulch via the Landfill Pond. 

Field activities commenced in the third quarter of 2000. A line of wells was installed beyond what was understood 

to be the extent of the plume, along its southeastern, eastern, and northeastern margins. In addition, a well (30800) 

was installed upgradient of a potential source area located south of the eastemmost extent of the Present Landfill. 

Another well (30900) was installed adjacent to PU&D Yard source area borehole BH17497, samples fiom which 

exhibited the highest levels of contamination found during the subsurface soil sampling performed in 1997 (RMRS 

2000e). The hillside southeast of the PU&D Yard features several seeps that can act as pathways to surface water, 

but one was not previously monitored; to address this gap in coverage, a temporary well point (SW00495) was 

installed within that seep. 

Wells 30100, 30200, and 30300 are located on a large slump block that is immediately west of the MSTs and north 

of the PACS 3 parking lot. These wells monitor potential groundwater pathways to North Walnut Creek. The 

screened interval in each of these wells is long enough to bridge the interface between the slump block and the 

relatively undisturbed material beneath the slump block. Monitoring wells 30400 and 30500 were placed north of 

the MSTs, beyond what was previously understood to be the easternmost edge of the plume. The wells fill gaps in 

the well coverage that might have allowed a narrow extension of the plume, occupying a discrete pathway, to pass 

previously existing wells undetected. Wells 30600 and 30700 are located between the previously mapped PU&D 

Yard plume and the westernmost portion of the Landfill Pond to monitor the pathway to No Name Gulch via the 

@ Landfill Pond. 

At several of the new well locations, the bedrock contact is so shallow that the screened interval does not extend 

upward into the Rocky Flats Alluvium. Those wells are screened entirely in the UHSU bedrock. This includes 

wells 30200, which has a bedrock contact at 1.8 feet bgs; well 30600, with a bedrock contact at 1.8 feet bgs; and 

well 30700, with a bedrock contact at 1.0 feet bgs. Several other wells are screened predominantly within UHSU 

bedrock, with the screened interval ,extending only a foot or so upward into the alluvium. 

Temporary well point SW00495 consists of a slotted stainless steel pipe that was hand-driven two to three feet into 

the soil at the seep. Existing well points 61495,61595, and 61695 monitor other seeps to the west of, and closer to 

the PU&D Yard than, SW00495. The seep at SW00495 was not flowing at the time of installation and only 

appeared damp (not producing visible flow) during most sampling attempts. 

8.4.2 

The new wells, except for the temporary well point at seep location SW00495, were developed following 

installation and prior to sampling. The new wells and others in the immediate area (see Table 8-4) were then 

sampled for VOCs. Most wells produced sufficient water for a full suite of VOCs, although some were dry and 

others had been destroyed, particularly members of the existing line of wells along the North Patrol Road. That line 

of wells has often been dry on previous occasions and many remaining wells there were dry during this sampling. 
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2 1397 

B206689 

77392 

Table 8-4 displays the wells sampled in support of this PU&D Yard Plume evaluation, as prescribed by the SAP 

(RMRS 2000e), and whether the well produced samples. The analytical suite consisted of VOCs and, where 

required, a radiation screen. 

Crossgradient location No Well destroyed 

Downgradient location No Dry well 

Downgradient location No Dry well 

Following receipt of results from this initial sampling round, five wells were selected for monitored natural 

attenuation. The five wells were 0 1097 (upgradient), 30900 (source), 0 1497 (nearby, downgradient), 70693 

(downgradient), and 02097 (downgradient, near the distal end of the plume). 
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0 1997 I Downgradient location I No 

Table 8-5 Wells sampled for  PU&D Yard plume evaluation (continued) 

Dry well 

6 1595 

6 1695 

Downgradient location Yes 

Downgradient location Yes 

0 1697 

00397 

21497 

Downgradient location Yes 

Downgradient location No Dry well 

Downgradient location Yes 

2 1597 

21697 

Downgradient location Yes 

Downgradient location Yes 

21797 

2 1897 

Downgradient location No Well destroyed 

Downgradient location No Well destroyed 

2 1997 

22097 

8.4.3 

Downgradient location No Dry well 

Downgradient location No Dry well 

Results 

22 197 

22297 

22497 

30100 

30200 

30300 

Data from the PU&D Yard plume investigation samples, together with data from additional wells in the area 

(including many that have been abandoned), were reviewed for display. Five compounds were selected for figures, 

including 1 , 1,l -TCA; 1,l-DCE; carbon tetrachloride; PCE; and TCE. These compounds were chosen because they 

comprise the most common VOCs present in these wells andor are of particular interest, and because some of these 

are the daughter products of the main source contaminants (PCE and TCE). 

Downgradient location , No Dry well 

Downgradient location Yes 

Downgradient location No Well destroyed 

Downgradient location Yes New well 

Downgradient location Yes New well 

Downgradient location Yes New well 
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30400 

30500 

Downgradient location Yes New well 

Downgradient location Yes New well 

30600 

30700 

30800 

30900 

SW00495 

Downgradient location Yes New well 

Downgradient location Yes New well 

Suspected in7plume location Yes New well 

- Suspected in-plume location Yes New well 

Downgradient location Yes New seep location 
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The analytical data were plotted on maps and contoured; the resulting maps are presented as Figures 8-10 through 8- 

14. These figures include data from the newest wells together with data from pre-existing and, in many cases, 

abandoned wells. The method used to construct the maps is consistent with that used to create the Combined VOC 

plume map (Plate 12; see discussion in Section 8.5), in that the most recent data available for each well was used. 

This allows for a better picture of current conditions. 

While the overall sampling success was very good, it was poor at the wells along the North Patrol Road because of a 

combination of dry and destroyed wells. However, results from the 1997 sampling effort, in which every member of 

this line of wells was sampled, produced no VOC detections; this indicated the area in which this line of wells is 

located does not support a significant pathway to surface water (RMRS 1998). Results from the 2000 sampling 

effort, as presented on Figures 8-10 through 8-14, confmed that this has not changed; the wells along this road that 

produced samples show no VOC detections with the exception of an estimated concentration of TCE (0.1 pgA) in 

well 2 1 197. 

In addition, well 01997, which is located at the southeastem comer of the electrical substation east of the PU&D 

Yard, was dry during this investigation. Therefore, data shown on the Figures for this well are from the previous 

sampling effort in September 1997. 

In general outline, the PU&D Yard plume was not found to extend farther east than it had been previously mapped. 

However, maps of individual VOC distribution do show some variation from the extent previously understood and 

shown on maps included in the PU&D Yard Plume Investigation SAP (RMRS 2000e). Most of the data used for the 

SAP maps was collected in 1997 or earlier, e 
1 , 1,l-Trichloroethane 

Figure 8- 10 shows the distribution of 1 , 1,l -TCA in UHSU groundwater at and around the PU&D Yard. The general 

outline of the 1,l , 1 -TCA distribution is similar to that shown in the 1,l , 1 -TCA map included in the PU&D Yard 

plume investigation SAP (RMRS 2000e). Figure 8-1 0 shows that current levels of 1,l ,l-TCA in UHSU 

groundwater have decreased relative to those shown on the older map. Also, the highest detection currently reported 

(94 pgL) is from well 01497, whereas the earlier map showed a concentration of 170 pgA there and the highest 

concentration (253.2 pg/l) at well 70693 (RMRS 2000e). The apparent source of this compound appears to be in the 

vicinity of well 01497, from which a plume of 1,l , 1 -TCA-contaminated groundwater extends to the east some 1500 

feet: However, levels of this compound in wells on the hillside to the south -the most direct route to North Walnut 

Creek - have decreased from a high of 54 pgA in well 61495 on the SAP map to a high of 14.2 pg/l in the same well 

during this investigation. Given the lack of detections of 1,1,1-TCA in wells along the North Perimeter Road, a 

viable pathway to surface water in this area is not indicated. 

U 

The Tier I1 level for 1,1,1 -TCA is 200 pg/l; this value was not exceeded by any PU&D Yard area well sampled for 

this investigation. 
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1,1 -Dichloroethene 

Figure 8- 1 1 shows the distribution of 1,l-DCE. While similar to the older version presented in the SAP, more 

variation is evident than with the 1 , 1, l  -TCA maps. In the previous version of this map, well 0 1497 showed the 

highest levels of I,]-DCE (80 pg/l) and well 70693 produced the next highest level (65.6 &I). These two wells 

again produced samples with the highest levels of 1 , I  -DCE, but the concentrations were 79 and 25 pdl,  

respectively. This may indicate that the source for I,]-DCE is most likely in the vicinity of well 01497, where 

concentrations of this compound in groundwater are essentially unchanged. Concentrations of 1,1 -DCE within the 

rest of the plume appear to have decreased. 

The distribution of 1,l-DCE (Figure 8-1 1) shows a plume extending approximately 1500 feet to the east of well 

01497. As with I,],]-TCA, this compound is present in wells on the hillside south of the PU&D Yard; wells 61495 

and 61595 both produced samples containing elevated levels of I,l-DCE. While the map presented in the PU&D 

Yard SAP (RMRS 2000e) showed that well 6 1495 produced waters having a 1,1 -DCE concentration of 15 &I, for 

this investigation those concentrations had fallen to 8.5 pg/l. Well 61595 most recently reported a concentration of 

7.5 pg/l of 1,I-DCE, while on the SAP map there was no data posted for this well. Because of the lack of detections 

in wells along the North Perimeter Road, a viable pathway to surface water is not indicated in this area. 

The Tier I1 level for 1, I-DCE is 7 pg/l. All UHSU wells within the plume presented on Figure 8-1 1 exceed the 7 

pg/l concentration. 

Carbon Tetrachloride 

The distribution of carbon tetrachloride is shown in Figure 8-12. This distribution is very different from that 

presented in the PU&D Yard SAP (RMRS 2000e). As reported in that document, three wells previously produced 

samples with concentrations of carbon tetrachloride equal to or exceeding 5 &I. In the recent investigation, 

however, only one of these wells - 01497 - continued to produce samples with carbon tetrachloride in this range (at 

7 P8/1). 

The Tier I1 level for carbon tetrachloride is 5 pg/l; well 01497 was the only well that exceeded this concentration. 

Figure 8-12 indicates this compound is not reaching surface water at concentrations exceeding action levels. 

i Tetrachloroethene 

Figure 8-13 shows the distribution of PCE, which strongly resembles that depicted on the corresponding map in the 

PU&D Yard plume investigation SAP (RMRS 2000e). The distribution of PCE is essentially unchanged although 

wells 70393 and 01297, depicted on the earlier map as being within the 5 pg/l contour, are now excluded because 

the concentration of PCE in those wells fell below 5 g / l .  

The highest concentrations of PCE in the SAP (RMRS 2000e) were listed at 1700 pdl,  but that groundwater sample 

was collected from borehole BH17497. New well 30900 twins this borehole and well 31001 is located 10 feet east 
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(downgradient) of the borehole. These wells produced samples with the highest concentrations of PCE in the 

PU&D Yard investigation (180 and 130 pgA, respectively). A second source was previously thought to exist in the 

vicinity of abandoned well B206389, which was located on the southeastem edge of the Present Landfill. This well 

produced a sample containing 140 pgA of PCE in April 1993. New wells 30600 and 30700 are located 300 to 400 

feet downgradient (northeast) of well B206389; both reported no detections of PCE. It is not clear if this point 

source is still present at well B206389. 

The Tier I1 level for PCE is 5 pg/l. All wells within the plume boundaries depicted on Figure 8-13 equal or exceed 

this concentration. The results for wells 30600 and 30700, together with results from wells along the hillside south 

and east of the PU&D Yard, indicate this compound is not reaching surface water at concentrations exceeding action 

levels. 

Trichloroethene 

Figure 8-14 shows the distribution of TCE. Once again, it is very similar to the TCE map included in the PU&D 

Yard SAP (RMRS 2000e). This compound appears to have the greatest distribution of the five VOCs selected for 

presentation. 

The mapped distribution of TCE indicates there may be a widely disseminated plume of this contaminant in the area 

located south and slightly southwest of the Present Landfill. This may be because of plume degradation associated 

with the apparent PCE source near well 30900. The Figure also indicates there was or is a more concentrated TCE 

source around the southeastern comer of the Present Landfill in the vicinity of abandoned well B206389. TCE 

concentrations were highest in that abandoned well, with the most recent concentration reported as 190 pgA in April 

1993. Abandoned wells 7287 and B206489, both located on the other side (south) of the slurry wall from B206389, 

also showed elevated levels of TCE (68 and 1 1 pg/l, respectively, in January 1995). This distribution could be 

interpreted as an indication that there is groundwater flow from north to south across the slurry wall, but water level 

data for the three wells indicate a gradient from south to north (RMRS 2000e). Therefore, the distribution of TCE 

among these three wells is most likely the result of a TCE source .existing on both sides of the wall. New wells 

30600 and 30700 reported no detections of TCE. 

The Tier I1 level for TCE is 5 pg/l; all wells within the plume boundaries shown on Figure 8-14 equal or exceed this 

concentration. The most likely route for TCE from the PU&D Yard area to reach surface water is toward the south, 

in particular in the area south of new well 30100. This well produced a sample with 12.3 pgA of TCE; there is no 

monitoring location between this well and the nearest surface water receptor, North Walnut Creek. Farther west, 

well 01697 produced a sample with TCE at 6.8 pg/l, but the lack of detections in wells along the North Perimeter 

Road indicates this area is probably not currently acting as a viable pathway to surface water. 
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8.4.4 Conclusions and Recommendations 

Investigation of the PU&D Yard plume was undertaken to better define the nature and extent of the plume 

constituents, to determine the potential for impacts on surface water quality by the PU&D Yard plume, and to 

evaluate the efficacy of monitored plume degradation. 

Figures 8-10 through 8-14 suggest the presence of three distinct source areas. Within the PU&D Yard IHSSs 170 

and 174A, weils 30900 and 3 1001 indicate the presence of a PCE source. Farther east, well 0 1497 suggests a source 

of 1,1,1-TCA and 1,l-DCE, as well as carbon tetrachloride, may exist in this area. Finally, a source of PCE and 

TCE appears to be located in the vicinity of now-abandoned well B206389, although conditions may have changed 

since samples were last collected there in 1993. TCE is also present in a more widespread, non-focused area of the 

PU&D Yard, possibly a result of ongoing degradation of the PCE detected in the source area monitored by wells 

30900 and 3 100 1. PCE and TCE degradation may also be responsible for some of the 1,1 -DCE observed 

downgradient of the well 30900 and 3 1001 source area. Given the distribution of 1,l-DCE, and the presence of 

carbon tetrachloride and 1 , l , l  -TCA (neither of which are members of the PCE degradation series), it is probable that 

a separate source of these three contaminants is present in the vicinity of well 01497. 

Figures 8-10 through 8-14 provide the best available delineation of major plume constituents to date. There is room 

for significant improvement, however. Most importantly, understanding of the distribution of VOCs would be 

greatly enhanced if wells that have not been sampled in many years were to be sampled for VOCs. This would be 

especially valuable for those wells in which VOCs have previously been detected. There are 29 wells represented 

on these Figures by data older than 1997, though only 8 still exist - the others have been abandoned. Of these eight, 

three (1086,76792, and B206689) are in locations of interest to the PU&D Yard investigation and sampling these 

three wells for VOCs is recommended. 

The wells installed in 2000 were positioned to determine the boundaries of the PU&D Yard plume and whether it 

may be impacting surface waters in the North Walnut Creek and No Name Gulch drainages. The resulting data 

indicate that a significant impact is probably not occurring. However, detections of 1,1,1 -TCA; 1,l -DCE; and TCE 

in samples from wells along the southern hillside indicate the distal, low concentration edges of the PU&D Yard 

plume may be reaching North Walnut Creek in the vicinity of the main PACS 3 parking lot. Samples from wells to 

the south of 61495 and 61595, within the North Perimeter Road line, did not include detections of these VOCs. 

However, these wells may not be located most advantageously. Groundwater may not pass beneath the North 

Perimeter Road to join the engineered portion of North Walnut Creek, both because of the shallow bedrock beneath 

the road and the presence of a small ditch located north of the road. Instead, it is feasible that the ditch running 

along the north side of the road diverts this flow. Because the ditch is typically dry, flow would be generally 

restricted to the subsurface. 

The new wells and other wells along the hillside south of the PU&D Yard were only sampled once for this 

investigation. Because of the VOCs reported in samples from several of these locations, it is recommended that 

wells 61495,61595,61695, SW00495,30100,30200,30300,308-P-1,30400,77392,30500,30600, and 30700 be 
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visited twice more for confirmatory sampling of VOCs. Sampling should be performed for all wells as a group, and 

during relatively high as well as relatively low groundwater conditions. The resulting data would be most useful if 

sampling was timed to coincide with routine plume degradation monitoring conducted in the PU&D Yard area. 

Also, temporary well SW00495 should be made into a permanent monitoring well; if access issues prevent its 

replacement using a Geoprobe, a shallow (2-4 feet deep), hand-driven borehole should be advanced and a PVC well 

constructed within it. 

If the follow-up samples confirm the southward plume migration indicated at wells 61495, 61595, and 30100, it is 

recommended that one well each be installed south and east of wells 61495 and 61595, and one to two new wells be 

installed south and east ofwell 30100. These wells should be installed at the toe of the hillside and be fully- 

penetrating, with a screened interval across surficial and into weathered bedrock materials, and of sufficient depth to 

afford the required storage volume for successful sampling. Such additions to the network would provide detailed 

information on whether contamination is reaching the valley f i l l  alluvium. If more general information is deemed 

sufficient, one to two wells designed as above and located adjacent to the ditch - one north of the Portal 3 parking 

lot and/or one below the road to the MSTs - should indicate whether groundwater contamination is threatening 

North Walnut Creek. 

While below action levels, the concentration of carbon tetrachloride in samples from well 30600 (4 pg/l) indicates 

this well should be routinely sampled. If later data indicate contamination may be approaching the Landfill Pond in 

the area of wells 30600 and/or 30700, it is recommended that one to two new wells be installed north-northwest of 

those wells, just south of the pond. Alternatively, a surface water sampling station could be established at the 

southern edge of the pond in a location that is downgradient of wells 30600 and 30700. 

If samples c o n f m  any other locations where the PU&D Yard plume is extending beyond the well coverage, 

additional well locations shall be evaluated. However, those positioned to monitor pathways to surface water should 

be given immediate consideration. 

Also, based on the results of this proposed confmatory sampling, together with the results of ongoing plume 

degradation monitoring, selected wells should be considered for inclusion in the routine monitoring program to 

ensure that pathways to surface water, in particular, are monitored. If the proposed confmatory sampling is not 

conducted, the wells proposed for addition to the routine monitoring program include 61495,61595,30100, and 

30600. If confirmatory sampling is conducted, resulting data should be evaluated and wells selected for routine 

monitoring. 

Finally, the possible existence of multiple VOC sources warrants further investigation. Ongoing plume degradation 

monitoring will provide additional data that can be used to evaluate this possibjlity, but several more wells should be 

sampled for VOCs. This sampling should be conducted during the same time frame as the plume degradation 

sampling, and should at least include wells 30800 (as the nearest existing well, though upgradient, to the source 

apparently located in the vicinity of abandoned well B206389) and 01397 (near source-area wells 30900 and 31001). 
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Installation of at least one additional well should be considered. It would be located near the previous location of 

B206389 but outside the area of the constructed cap of the Present Landfill. 

8.5 Discussion of VOC, Nitrate, and Uranium Groundwater Plumes 

For the 2000 Annual RFCA Groundwater Monitoring Report, new methods have been developed in an attempt to 

more accurately reflect the current configuration of the composite VOC and nitrate plumes and to show how these 

plumes have changed over time. In previous Annual RFCA Groundwater Monitoring Reports (e.g., DOE 1998a, 

RMRS 1999m, and RMRS 2000d), the composite VOC and nitrate plumes were based on averaged data that was 

collected from 199 1 through 1997. This basis was then updated annually by using new data for that year, which 

predominantly refined plume edges. For the 2000 Report, data were not averaged. Instead, the most recent data for 

each well were considered: if they included detections of mapped compounds exceeding Tier I or Tier I1 action 

levels, that well was included within the appropriate plume boundaries; if below these levels, the well was excluded 

from the plumes. Where available, data from 2001 were also considered. Wells reporting non detects were 

excluded from plumes. 

Data from each UHSU well (for each of the VOCs discussed and nitrate) were evaluated in this manner. The most 

recent and highest result with respect to these action levels was used to construct the composite plume map (Plate 

12). If older data showed exceedances yet newer data did not; the newer data were honored. Wells monitoring the 

LHSU were not considered for this evaluation. 

There were two exceptions to the process described above. First, data that appeared spurious were omitted from the 

evaluation. The determination as to whether data were spurious was made following a review of the balance of the 

data for the well and analyte in question. If  the result appeared to represent an outlier, with respect to the overall 

pattern of similar analyses, the result was not considered for the map. If the most recent data for a well was 

identified as spurious, the preceding (non-spurious) result was used. Spurious data were extremely rare in the data 

set examined, and essentially absent from the most recent data, so this issue was largely not applicable. 

A second exception was made in cases where wells with recent data contradicted conditions indicated by other wells 

represented only by older data. That is, if a well was most recently represented by data from the early 1990s, yet 

recent data from another well nearby was sharply different, the newer data were honored. However, if the 

separation of the wells was too great or if the reported variation in conditions seemed reasonable, both data were 

honored. The clearest example of this exception pertains to the Present Landfill area and is discussed in Section 

8.5.1 below. 

By using the most recent data available for each well, the plumes can reflect not only variations along their margins, 

but also within their interiors. Also, by omitting spurious results and not averaging data, a more realistic 

configuration of the plumes resulted. However, because all wells within the plumes may not have been sampled as a 

group, and some have not been sampled for many years, some error is inherent in the method. That is, by mapping 

data from the early 1990s alongside data from 2000, inconsistencies may arise. Even so, these inconsistencies are 
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seen as minor compared to those that are intrinsic to a map constructed using a data set that includes both multi-year 

averaged data (including non detects and outliers) and single data points. 

The composite VOC plumes that will be generated for the 2001 Annual RFCA Groundwater Monitoring Report will 

show a significant improvement over those presented in this report. Much new data will be available for the 2001 

Annual Report, allowing for significant improvements to plume configurations. These new data will represent wells 

sampled south of the Industrial Area plume (predominantly between the South Interceptor Ditch and Woman Creek) 

and new and existing wells within the IA (as discussed in Section 8.4). 

8.5.1 Composite VOC Plumes 

As with recent composite VOC plumes presented in previous Annual RFCA Groundwater Monitoring Reports (e&, 

RMRS 2000d), analytical data for carbon tetrachloride, tetrachloroethene, trichloroethene, and vinyl chloride were 

evaluated because these VOCs are the ones of greatest concern at RFETS. (Tier I and Tier I1 action levels are 500 

&I and 5 pgA, respectively, for carbon tetrachloride, tetrachloroethene, and trichloroethene; 200 pg/l and 2 &I, 

respectively, for vinyl chloride.) 

In general, the plume configurations seen in calendar year 2000 (Plate 12) are very similar to those of previous 

Annual RFCA Groundwater Monitoring Reports. A large portion of the IA contains groundwater contaminated with 

various VOCs. The 903 Pad, East Trenches, Mound, and surrounding areas are also dominated by a plume of 

VOCs. The PU&D Yard and the Present Landfill continue to show the presence of VOC-contaminated groundwater 

toward the eastern portion of the PU&D Yard and the southern margin of the landfill. 

This current composite plume map (Plate 12) shows several changes from the plume map presented in the 1999 

Report (Rh4RS 2000d). Some changes may be directly attributable to the new method of constructing this map, 

wherein data were not averaged. Using averaged data incorporating high-concentration outliers and half-detection- 

limit values for non detects can result in erroneous plume configurations. Other changes are the result of the 

installation and sampling of new wells. 

, 

The southern portion of the IA plume contains an area in which the contaminant concentrations of the four VOCs 

evaluated for this map have decreased to below Tier I1 levels. In previous Annual Reports, this area was above Tier 

11; it encompasses wells 40399, P3 13489, and P414189. Well 40099, on the west side of Building 444, continues to 

produce samples that exceed Tier I levels. Samples from the other wells around this building do not exceed Tier I. 

The large area of Tier I concentrations located around and south of Building 559 is smaller than in previous years, 

when it extended farther to the south to enclose well P320089. Concentrations in this well, however, were most 

recently below Tier I levels, though still exceeding Tier I1 levels. 

The Tier 1 area centered on IHSS 1 18.1 has also shrunk, largely because of lower concentrations (below Tier I) in 

well 18699 and new wells 00100, 00500, and 00600. Data from these four wells, all located east of lHSS 118.1, 

indicates that eastward migration of Tier I concentration groundwater is truncated. Tier I concentrations were 

r 
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detected in samples from new well 00700, located on the northern side of Building 776 just southwest of IHSS 

118.1. 4B 
Newer (1 999) and older wells installed around the eastern portion of the Building 77 1 complex produced samples 

below Tier I1 levels. Those along the southern and northwestern edges of Building 77 1 generally produced samples 

that did exceed Tier I1 levels. 

The portion of the plume coinciding with the Solar Ponds largely reflects data from 1995 and earlier, in particular 

the Tier I data for well P2 10 189. New wells 00 100 and 02500, located between the Solar Ponds and the Building 

779 foundation, produced samples with lower concentrations of the four VOCs of interest. These wells and others 

in the immediate vicinity of well P210189 yielded data consistently below Tier I and in many cases below Tier I1 

levels. This indicates the Tier I level shown at P2 10 189 may no longer be accurate. 

New D&D well 00300, located near the southeastern comer of Building 707, produced VOC samples exceeding 

Tier I1 levels. 

The outline of the other large composite VOC plume, which encompasses the Mound, Ryan’s Pit, 903 Pad, and East 

Trenches areas (hereafter referred to collectively as the “OU2 plume”), remains largely unchanged from the 

previous year (RMRS 2000d). Tier I levels are still exceeded in several places, most notably at and downgradient of 

the 903 Pad and Ryan’s Pit, the Mound, and in several areas coinciding with disposal trenches. Many areas of the 

OU2 plume are based largely or entirely on 1995 and earlier data. Newer data indicate this plume is diminishing in 

several areas. Most notably, much of the Tier I concentration portion of the plume shown in the 1999 Report 

(RMRS 2000d) is eliminated, being replaced by several separated areas of Tier I concentration groundwater. Wells 

between these areas support this separation. In one case (UHSU bedrock well 12491), data were consistently below 

Tier 11, with a few of the older data equaling or slightly exceeding Tier I1 levels. Based on the bulk of the data as 

well as the most recent values, this well is mapped as below Tier I1 concentration despite its appearance as an 

isolated area of below Tier I1 concentration within the plume. Lower concentrations in this well may be related to 

the screened interval being entirely within the bedrock. Data from a line of now-abandoned wells installed in 1997 

along the present location of the East Trenches Plume Treatment System were used to define the northern outline of 

the OU2 plume as it intersects this system. These data also include several locations from which Tier I exceedances 

had been reported; they are still shown as exceeding Tier I levels. 

The southern portion of the OU2 plume - that part containing the 903 Pad, Ryan’s Pit, and the area generally 

southeast of these locations - is presented differently from the version shown in the 1999 Annual Report (RMRS 

2000d). Part of this difference is because of the diminishing Tier I portion of the plume, as described above. 

Another reason for the difference is an alternate interpretation of the data. The Ryan’s Pit contamination, as seen in 

data for well 07391, is predominantly TCE. The 903 Pad contamination, as shown in data for well 13 191, is 

predominantly carbon tetrachloride. To the southeast of these source areas, well 90099 detects both of these species, 

with TCE exceeding Tier I and carbon tetrachloride occasionally approaching Tier I levels. Therefore, the Tier I i o  
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plume outline is shaped in such a way as to show the commingling of Tier I levels of contamination from both 

sources. 

The composite VOC plume at the Present Landfill is similar to, but smaller than, that depicted in the previous 

Annual RFCA Groundwater Monitoring Report (RMRS 2000d). The change is largely due to decreasing VOCs in 

the wells in the western and northwestern portion of the PU&D Yard well network. Once again, 1995 and earlier 

data - in this case from wells that no longer exist - cause the extension of this plume into the Present Landfill. The 

eastern part of this plume had been based on 1995 and earlier data from now-abandoned wells, but new well 30800 

confirms its presence. New data from both older and newly installed wells along the southern and eastern margins 

of the Present Landfill plume have allowed the elimination of a southward-trending extension of the plume at 

location 61495. A smaller extension encompasses new well 30100. Other new wells installed to monitor the 

boundaries of the PU&D Yard plume did not report data above Tier I1 levels. 

As described in the discussion of exceptions to the methodology used to construct the plume map (Section 8.5), 

newer data were allowed to overrule older data. The best example of this pertains to an area southeast of the Present 

Landfill. Abandoned wells 6474 and 6574 were most recently sampled in 1993; both produced samples exceeding 

Tier I1 levels for vinyl chloride. However, wells 77392 and 02197 bracket the locations of the abandoned wells, and 

they both produced samples below Tier I1 (vinyl chloride was not detected). Therefore, the area was omitted from 

the plume. 

Additional small plumes persist in several areas. On the 881 Hillside, 1995 data from two wells (4387 and 32591) at 

IHSS 1 19.1 include contaminants above Tier I levels. Recent data from two other nearby wells are below Tier I 

levels. This may indicate groundwater in this area is no longer above Tier I. In addition, a small plume is identified 

by several wells on the hillside south of Building 460, but as these data all date to 1995, conditions may have 

changed. The Building 881 footing drain outfall sampling point, SW13494, and well 5 187 (with 1995 data) indicate 

the presence of a small Tier 11 concentration plume shown on the south side of that building. Because the footing 

drain is designed to route groundwater around the building, the source of contamination detected in samples from 

SW13494 is presumably located elsewhere. However, available data for the upgradient wells nearest Building 88 1 

do not include similar exceedances. 

8.5.2 Nitrate Plumes 

Nitrate plumes have also been redrawn using the methodology described above. Plate 12 shows the estimated extent 

of Tier I (1000 mg/l) and Tier I1 (10 mg/l) nitrate contamination in groundwater. For comparison, the background 

concentration of nitrate in groundwater at WETS is 4.7 mg/l (DOE 1993b). As with previous nitrate plume maps 

(e.& DOE 1997b, DOE 1998a, RMRS 1999m, and RMRS 2000d), the Solar Ponds are the source of the main 

nitrate plume at WETS. The 2000 Solar Ponds nitrate plume is similar in extent and configuration to previous 

years, but with some notable adjustments. 
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The northeastern extension of this plume is now shown to extend to well B208289, which is located next to a small 

pond and wetland and has consistently produced samples exceeding Tier I1 levels of nitrate. Only one well - 
B208 189 - is represented by data over the time period of interest and is located between well B208289 and the bulk 

of the Solar Ponds Plume. Data for B208 189 are below Tier I1 levels. Therefore, although the plume is drawn to 

extend from the Solar Ponds to well B208289, nitrate contamination around that well may be more correctly 

represented by a small, separate plume encompassing the one well. The northwestern extension of the Solar Ponds 

nitrate plume has been reduced in size because data from several wells was reported at less than Tier I1 levels. The 

western portion of the Tier I1 plume outline, in the vicinity of the Building 77 1 complex and Building 779 

foundation, is also reduced in size. Wells P219089 and 42393 both produced samples below Tier I1 levels for 

nitrate; they are situated near the northeast comer of the Building 77 1 complex and at the western edge of the Solar 

Ponds, respectively. New wells 00100,00500,00600, and 02500, and existing well 42893, report nitrate results 

below Tier 11. These wells are all located along the northeast side of the Building 777 and the northern edge of the 

Building 779 foundation. Both 43593 and 5687, which are located between 00100 and 02500, produced samples in 

1997 that exceeded Tier I1 nitrate concentrations. Other wells in the area (typically small-diameter well points, 

installed during 1995, which are not capable of producing sufficient volume for nitrate samples) are not represented 

by data for the time period of interest. 

The Tier I portion of the Solar Ponds nitrate plume has been reduced in size because several wells recently produced 

samples with nitrate concentrations below the Tier I level. Many of the wells north of and within the old Interceptor 

Trench System (ITS) have not been sampled or are not represented by nitrate data. In most cases, these locations are 

well points completed with Teflon tubing which are incapable of producing the water volume required for a sample. 

Also, many or most of these well points and piezometers were removed during installation of the Solar Ponds Plume 

Treatment System. South of the ITS, the Tier I nitrate concentration area depicted on Plate 12 is almost unchanged 

from that presented in the 1999 Annual RFCA Groundwater Monitoring Report (RMRS 2000d). 

A relatively small plume exceeding the Tier I1 nitrate level is indicated by data from wells in the 903 Pamyan’s Pit 

area. This plume is mapped differently than in the 1999 Annual RFCA Groundwater Monitoring Report (RMRS 

2000d) because of the different methods used to evaluate and contour the data. 

Smaller plumes of groundwater contaminated with nitrates above Tier I1 levels also occur. Downgradient of the 

Landfill Pond, at the base of the dam, wells B206889 and B206989 define an area exceeding the Tier I1 level for 

nitrate. Wells 40599 and 41499, near the.northwest comer of Building 771, define a small Tier I1 level plume. 

Wells P416789 and 56994 define a small plume located south and east of Building 440. Wells 37891, 39191, and 

32591 identify a small plume, using 1995 and earlier data, in the IHSS 119.1 area of the 881 Hillside. 
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8.5.3 Uranium Plumes 

Isotopic uranium (U) values have been plotted, mapped, and discussed as part of the ongoing Actinide Migration 

Evaluation (AME) project. Data used for that project were also used to create a map for this Annual Report (Plate 

14) showing the distribution of combined U at WETS. Plate 14 was constructed from the results of analyses of 

field filtered groundwater samples. The sample results used for this discussion are all from UHSU wells. 

The AME project is using averaged values of the activity-concentration for each of the isotopes U-233/234, U-235, 

and U-238. The values are the results of the analysis of groundwater samples collected from 1991 through 1999 at 

the various wells listed on Plate 14. To construct Plate 14, the AME averages were summed, plotted, and contoured. 

The averaged values of each of the listed U-isotopes were summed for each well, resulting in an average value 

essentially equal to the total U activity-concentration. The results are not true total U values because certain 

isotopes (with essentially negligible activity-concentrations) that are not routinely analyzed have been omitted; 

therefore, the resulting data are termed "combined U" values. 

Combined background levels and combined Action Levels were used as the basis for the contour intervals presented 

on Plate 14. The value of the combined background-level contour, 104.29 pCi/L, equals the sum of the background 

levels of U-233/234, U-235, and U-238. Similarly, the combined Tier I1 action level contour value, 2.847 pCi/L, is 

a sum of the Tier I1 action levels for the individual isotopes. Because of the highly variable pattern of combined U 

values (Le., wells next to each other may report combined U activity-concentrations that differ by tens to over one 

hundred pCi/L), some contour details are purposely omitted in favor of the more general pattern. 
0 

As shown on Plate 14, areas of elevated U activity-concentrations are most obvious at the Solar Ponds. The Solar 

Ponds were used during the production era at WETS to contain process fluids including uranium-rich wastes. As a 

result, maps of this area have routinely featured groundwater plumes of elevated U activity-concentrations (EG&G 

1995~). The combined U activity-concentrations here exceed the combined background levels and Tier I1 action 

levels. Three of these wells (05093,05193, and P209589) exhibit the highest combined U activity-concentrations of 

all, exceeding a contour with the value of combined Tier I action levels (100 times the combined Tier I1 action 

levels). 

Another dominant feature of Plate 14 is the general increase in combined U in a downgradient (eastward) direction. 

This is shown by a roughly north-south trending contour that bisects WETS. To the east of this contour, combined 

U activity-concentrations are higher than the combined Tier I1 action levels; to the west, they are lower than the 

combined Tier I1 action levels. There are exceptions to this pattern, with some eastern wells below and some 

western wells above this activity-concentration, but the exceptions are few when compared to the overall data set. 

The contour is inferred where data are sparse in the northern and southern Buffer Zone. Where data are plentiful, 

this contour weaves and changes direction dramatically on a local scale from the general north-south trend, but the 

overall pattern of an eastward increase in combined U activity-concentration is maintained. 
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This eastward increase in U is a result of natural processes, not anthropogenic U contamination; as groundwater 

flows through the subsurface, its chemistry evolves as a result of water-rock interactions. Generally, this results in 

increasing concentrations of certain ions, as well as TDS, in a downgradient direction from the point of recharge. 

Because U mineralization is naturally present within the Rocky Mountains and Front Range and its geochemistry 

allows dissolution and transport in the dissolved phase, U activity-concentrations can be expected to increase in a 

downgradient direction as shown on Plate 14. 

This explanation for the eastward increase in U is supported by a recent site-wide sampling program, conducted as a 

joint venture between CDPHE and WETS, which focused on distinguishing between anthropogenic and natural U 

in groundwater. Samples were collected from selected wells across WETS for analysis of selected U-isotopes by 

the ICPMS analytical method (RMRS 2000d). The results of that study indicated elevated levels of U are typically 

not related to the former weapons production mission at WETS. 

Plate 14 also shows isolated locations where the combined U values are elevated with respect to surrounding 

locations. These are highlighted within the 50 pCi/L contour. Two of these are wells 07391 (located downgradient 

of Ryan’s Pit) and 61093 (located at the Old Landfill), which were identified in the ICPiMS study as containing 

elevated U-236, a man-made isotope. Other isolated wells showing greater than 50 pCi/L combined U include D&D 

well 41099 at Building 886 and well 5287 at Building 881; both of these buildings were involved in weapons 

manufacturing and uranium components. Well B206989 near the Present Landfill Pond; well 00193 at Pond C-2; 

well 10594 at Pond A-1; and well 3786 at Pond B-5 (now abandoned and replaced by well 00997, which does not 

show high levels of combined U) also appear as isolated locations of combined U that is elevated with respect to 

surrounding wells. Similarly, wells B303089 (now abandoned) and 10294, both at the southeastern comer of 

WETS and thought to be impacted by a pre-WETS domestic landfill (EG&G 1994a), mark a localized area of 

elevated combined U activity concentrations. Well B205589, above easternmost Rock Creek (and consistently 

producing elevated activity-concentrations of U), and well 0586 near the eastemmost extent of No Name Gulch in 

the vicinity of Pond A-4 also mark localized areas of’elevated combined U activity concentrations. 

* 
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8.6 Evaluation of Metals Anomalies in Groundwater 

Nickel concentrations in wells 1386,6486, and 6586 have increased significantly over the last several years above 

RFCA Tier I1 action levels of 140 pg/L (Figures 8.6-1 to 8.6-3). Initially, elevated nickel concentrations were 

considered to be the result of spurious laboratory analyses. However, further evaluation of the laboratory data 

indicated that the results were real and not an artifact of the laboratory analyses. In addition to laboratory artifacts, 

speculation for the increase in nickel concentrations has also focused on the possibility that the wells themselves 

were causing elevated nickel concentrations via corrosion since the wells were constructed with stainless steel 

casing and screen and installed in 1986. 

The composition of stainless steel varies depending on the type and manufacturer but is generally composed of 

various percentages of iron, chromium, nickel, molybdenum and carbon. The above listed wells were probably 

constructed of stainless steel type 3 16L. This type of stainless steel was then among the most corrosion-resistant 

material on the market for well construction (Driscoll 1987). The material is comprised of 16 percent chromium, 10 

percent nickel, 2 percent molybdenum, 0.03 percent carbon, and 72 percent iron. Based on these percentages, one 

would expect to see both elevated iron and chromium levels if corrosion or dissolution of the casing was occurring. 

While concomitant increases in iron have occurred to some degree in wells 6486 (Figure 8.6-2) and 6586 (Figure 

8.6-3), consistently high levels of iron in the samples would tend to be present if corrosion were occurring. 

Chromium levels have also remained consistently below Tier I1 levels in these wells. 
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Figure 8.6-1 Nickel Trend Plot for Well 1386 
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Figure 8.6-2 Nickel Trend Plot for Well 6486 
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Figure 8.6-2 Nickel Trend Plot for Well 6586 

2500 

- 2000 
2 
2 
E 5 1000 

1500 
0 .- 

0 
C 

6 500 

0 

To test the premise that corrosion of well materials has adversely impacted groundwater quality, an attempt was 

made to show a possible connection between purge volumes evacuated during sampling and corresponding nickel 

concentrations. If the casing and screen materials were responsible for the elevated nickel concentrations, it was 

anticipated that higher concentrations would be associated with lower purge volumes and conversely, as purge 

volumes increased and became more representative of ambient groundwater conditions, nickel concentrations would 

decline. 

Plots of nickel concentrations versus purge volumes are show below on Figures 8.6-4 to 8.6-6 and indicate that 

while a downward trend is apparent in wells 1386 and 6586, there is little or no correlation between these two 

variables. The low RZ value suggests that a more complex relationship possibly is likely, rather than the simple 

linear regression analysis that is shown on these figures. No apparent trend for this relationship in well 6486 is 

present as illustrated by the wide scatter of the data and the subsequent very low R2. 
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Figure 8.6-4 Nickel Concentrations Versus Purge Volumes in Welt 1386 
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Figure 8.6-6 Nickel Concentrations Versus Purge Volumes in Well 6586 
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Corrosion results from either chemical or electrochemical processes and, as such, only occurs when certain chemical 

and geochemical conditions in the groundwater environment exist. However, even under these conditions, 

corrosion-resistant metals such as stainless steel tend to prevent or inhibit this process from occurring. Corrosive 

conditions may include the following: 

0 A low or very high pH environment is requisite for chemical corrosion to occur. Groundwater at WETS is 

typically in the neutral range from approximately pH 6.6 to 7.5. Alkalinity values are moderately high (ranging 

from approximately 200 to 1000 pa) suggesting that the water is sufficiently buffered to resist significant pH 

changes due to acidity. 

Hydrogen sulfide concentrations can be readily detected by its characteristic “rottten egg” odor. Less that 1 

mgL can cause severe corrosion in wells. Conversations with the samplers in the Groundwater Program and a 

review of sampling logs indicates that hydrogen sulfide, as indicated by this odor, has not been detected in these 

wells. 

0 Dissolved oxygen (DO) concentrations greater than 2 mgL may induce corrosive processes. Historic DO data 

at WETS has been generally unreliable and should not be used as a corrosion indicator. 

0 Total dissolved solids (TDS) greater than 1,000 mg/l causes high electrical conductivity and may cause serious 

electrolytic corrosion. TDS values in these wells average around 600 mg/l. 
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0 Chloride content is another indicator of potential corrosion problems. Concentrations in excess of 500 mg/l 

indicate corrosion can be expected. Chloride concentrations in these wells are low, generally less than 100 e mg/l. 

Sampling data from other monitoring wells suggest that some source other than the well casing may be responsible 

for high nickel concentrations. Three newer monitoring wells (22896, 07391, and 41591), constructed with PVC 

casing, also have high nickel concentrations. Figure 8.6-7 shows box and whisker plots of nickel concentrations in 

wells constructed with stainless steel and PVC casing; four stainless steel and four PVC wells were used in this 

statistical comparison. The wells are located on the western portion of the Site and are completed in the Rocky Flats 

Alluvium. Because of their upgradient location, these wells essentially represent background groundwater 

conditions. Prior to construction of the box plot, the data in each well group were transformed using a natural log 

transformation and then were statistically evaluated using a non-parametric test of the medians (Kruskal-Wallis). 

The results of this test indicated that there is no difference statistically in nickel concentrations within each group of 

wells. Data from each group were then combined into two groups representing nickel concentrations in stainless 

steel and PVC wells. The results of the box plot below (Figure 8.6-7) indicate there is no difference statistically 

between nickel concentrations in wells conspcted with these materials. 

Figure 8.6-7 Box and Whisker Plot of Nickel in Wells With Stainless Steel and PVC Casing 

Documented information indicates that nickel has been used historically at the site for plating weapons components 

(ChemRisk 1992). Plating using nickel carbonyl occurred in Buildings 444, 771, 7761777, and 779 from the early 

1950s until the early 1970s. The plating process involved creating solutions by mixing metal salts with acids. 

Nickel plating by nickel carbonyl decomposition was used for uranium and alloyed plutonium. 

Given the fact that nickel was used onsite for 20 years or more, it is not unlikely that nickel contamination may have 

occurred both in the soil and groundwater. Although wells 1386,6486, and 6586 are located close to either Walnut 

or Woman and Creeks, there is no indication from surface water monitoring stations that nickel is present in these 

drainages at elevated concentrations. However, nickel may be present in very localized reaches of these creeks. To 

further evaluate the lateral extent of these high nickel concentrations in their respective drainages and potential 
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source areas, Water Programs recommends that wells 54793, 54693, 30991, and 29795 be sampled. These wells are 

located along Woman and Walnut Creeks. It is also possible that some temporary wells may need to be installed to 

h l ly  understand the source of the nickel in these areas. 
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9.0 GROUNDWATER CHARACTERIZATION ACTIVITIES 

9.1 Actinide Migration 

9.1 .I Background 

The potential migration of Pu-2391240 and Am-241 from surface soils to groundwater at WETS is being considered 

as part of the long-term remedial strategy currently under evaluation for Site closure implementation by DOE, the 

K-H Team, and the Actinide Migration Evaluation group. Existing data on actinide migration at WETS was 

summarized for the development of a conceptual model designed to gain an understanding of actinide transport 

pathways active at the Site (DOE 1997a). Over 30 monitoring wells at WETS were found to contain mean 

groundwater Pu-239/240 and Am-241 activity-concentrations that exceeded W C A  Tier I1 action levels (0.15 pCiL 

and 0.145 pCi/L, respectively) for these contaminants (DOE 1997a). Groundwater interactions with surface water at 

WETS are inevitable as virtually all shallow groundwater flows toward the major stream drainages and is 

eventually discharged to surface water via seeps, streams or' reservoirs. Consequently, groundwater was 

characterized as representing a potential long-term threat to surface water based on a preliminary review of the 

available data. 

' 

The presence of Pu-2391240 and Am-24 1 in groundwater samples at WETS has been the subject of much 

speculation and study (DOE 1997, EG&G 1995e, CDPHE 1996; Hamish et al, 1994 and 1996; and Litaor, et al, 

1996). These contaminants are usually considered to be relatively immobile in the soil and groundwater 

environment because of their low aqueous solubility and tendency to strongly sorb on soil media (Cleveland et al, 

1976 and Honeyman and Santschi, 1997). Most wells with exceedances are located near potential source areas, such 

as the 903 Pad, but some are located at great distances from sources, including monitoring wells located at the east 

Site boundary along Walnut Creek. Colloid facilitated-transport of radionuclides in groundwater has been reported 

in the literature as being a potentially important mechanism for increased radionuclide mobility in the subsurface. 

Alternatively, it has been speculated that well completion zones may have been cross-contaminated when drilling 

through radionuclide bearing surface soils or sediments found near source areas. 

Because a significant disparity exists between observed versus expected Pu-2391240 and Am-24 1 groundwater 

contaminant distributions, further evaluation of historical groundwater Pu-239/240 and Am-24 1 data and potential 

transport pathways was undertaken in 1998 to assess the significance of groundwater action level exceedances 

reported for WETS monitoring wells (RMRS 19980. This analysis concluded that much of the Pu-2391240 and 

Am-24 1 contamination detected in groundwater probably occurs from residual surface soil contamination 

introduced to the borehole during drilling and well installation operations (drilling-artifact contamination). 

Groundwater samples collected from these wells using historical WETS sampling techniques (i.e., bailing) have the 0 
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unavoidable effect of suspending contaminated drilling-artifact soil materials, thus creating artificially high 

contaminant levels. Under these circumstances, existing groundwater sampling results are unreliable indicators of 

groundwater contaminant concentration and transport. 

Well drilling and installation using special surface casing techniques offer a means to minimize or eliminate drilling- 

artifact contamination as a source for Pu-239/240 and Am-241 detections in groundwater samples. When paired 

with existing monitoring wells containing Pu-239/240 and Am-24 1 contamination, monitoring wells installed with 

special surface casing techniques can 1) provide a basis for assessing the effects, if any, of drilling-artifact 

contamination on groundwater sample quality, and 2) allow for the collection of groundwater samples that more 

accurately represent contaminant concentrations and transport conditions. Non-paired, specially-cased monitoring 

wells were installed in 1994 to evaluate elevated Pu-2391240 and Am-24 1 activity-concentrations in the lower 

Walnut Creek drainage and to upgrade boundary monitoring well integrity in other WETS drainages (EG&G 

1995e). No Pu-239/240 and Am-241 contamination above Tier I1 groundwater action levels was detected in any of 

the wells installed under this program. Until 1999, monitoring wells installed with special surface casing techniques 

were not paired with existing monitoring wells to validate or invalidate radionuclide detections found in the original 

well. 

' 

9.1.2 Type and Extent of Contamination 

Soils 
Actinide transport to groundwater from contaminated surficial soils is a primary concern at WETS. As shown in 

Figure 9-1, widespread areas of the Buffer Zone and localized areas in the IA have received windblown Pu-239/240 

surface soil contamination. Vertical soil profiles of Pu-239/240 activity-concentrations for the uppermost 96 cm (3 

feet) of WETS soils presented in RMRS (19980 and Litaor et a1 (1994) indicate that plutonium movement is 

mainly restricted to the top 20 to 25 cm of soil. Pu-239/240 activity-concentrations decline exponentially below a 

depth of about 12 cm (Litaor et al, 1994) to less than 1 pCi/g at 72 cm. Elevated plutonium activity-concentrations 

were detected in soil macropores (Le., root channels) compared to the surrounding soil matrix, but extensive 

macropore development was not observed below a depth of 120 cm (3.9 feet) (Litaor et al, 1994). This depth 

roughly corresponds with the average depth of most WETS grass and forb root systems as reported in Weaver 

(1 920). According to Weaver (1 920), many grassland plants have root systems that can exceed a depth of 5 feet and 

some can attain maximum depths in excess of 10 feet. This information suggests that deep soil macropores may be 

present at WETS, but these macropores should be relatively unimportant as a source medium for drilling-artifact 

contamination. 

Groundwater 
Figure 9- 1 illustrates that wells containing unfiltered Pu-239/240 contamination (colored dots) are generally 

associated with surface soil contamination areas (color-shaded contours). The highest groundwater unfiltered Pu- 

239/240 activity-concentrations are found in alluvial wells at and east of the 903 Pad. Elevated unfiltered Pu- e 
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2391240 activity-concentrations are also found in certain bedrock wells in this area, including well 1 1791, as 

described in RMRS (19980. e 
Activity-concentration plots of unfiltered Pu-239/240 and Am-241 for wells 1587, 06991, 1 1791 ,,and P3 13489 

presented in RMRS (19980 indicate that, with the exception of well 1587, Pu-2391240 and Am-24 1 activity- 

concentrations have generally declined with time. The reason for this decline is thought to result from the flushing 

of contaminants in the borehole disturbed zone caused by routine high-energy (bailer) sampling activities. 

9.1.3 Project Approach 

The following conditions were considered in the development of the sampling strategy for the Actinide Drilling- 

Artifact Contamination Project: 

0 The operating history of the former 903 Pad Drum Storage Area and other sites indicate that actinide 

contaminants, specifically Pu-239 and Am-241, have been released to the environment and transported 

by wind action and runoff to surface soils adjacent to the source. 

The physical and chemical properties of the contaminants, vertical soil actinide activity-concentration 

profiles, and drilling and well installation documentation indicate that cross-contamination from 

surface soil materials probably accounts for much, if not all, of the actinide contamination found in 

groundwater samples collected from 903 Pad and surrounding area wells. 

0 Existing groundwater analytical data indicate that actinide contamination occurs principally in the 

colloidal and particulate phase. 

0 Seasonally variable hydrologic conditions can affect well development effectiveness and sampling 

program success. 

Additional details on project approach and sampling strategy were presented in the Actinide Drilling-Artifact 

Contamination Project sampling and analysis plan (SAP) (RMRS 1999~). 

9.1.4 Monitoring Well Locations and Rationale 

Four monitoring well locations (50099, 50 199, 50299, and 50399) were chosen to evaluate actinide groundwater 

quality associated with Pu-239/240 and Am-24 1 surface soil contamination areas. These locations are adjacent to 

existing wells 1587, 06991, 11791, and P3 13489, respectively, all of which have a history of elevated groundwater 

Pu-239/240 and Am-241 activity-concentrations. Three of these wells, 1587,06991, and 11791, are associated with 

wind-blown soil contamination from 903 Pad and Lip Area. The fourth well is associated with surface soil 

contamination in the IHSS 160 area (Building 444 parking lot). Figure 9-2 illustrates the location of these wells. 

The rationale for each monitoring well location is summarized in Table 9- 1. 
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well 1587 

10 feet west of paired 
well 0699 1 

10 feet north of paired 
well 1 1791 

10 feet northeast of 
paired well P3 13489 

I 

0 

0 

groundwater contamination. Groundwater at well 1587 has an apparent 
increasing Pu-239/240 trend; has a partially saturated screened interval; 
and was the focus of previous USGS research. 
Upgradient location from well 06991 for evaluating historical actinide 
groundwater contamination. Well 0699 1 has the highest average Pu- 
239/240 concentration of all wells not located on the 903 Pad and has a 
partially saturated screened interval. 
Upgradient location from well 1 1791 for evaluating historical actinide 
groundwater contamination. Well 1 1791 is completed in weathered 
bedrock materials in an area thought to be a bedrock groundwater 
discharge area. It has a filly saturated screened interval. 
Cross gradient location from well P3 13489 for evaluating historical 
actinide groundwater contamination. Well P3 13489 is located in the IA 
outside of the 903 Pad Soil Contamination Area and has a fully 
saturated screened interval. 

Tab le 9-1 Actinide Drilling-A rtif act Contamination Monitoring Well Location Rationale 

50099 

50199 

50299 

50399 

9.1.5 Well Design and Installation 

Well Design 
Monitoring well designs selected for the program were consistent with the construction specifications prescribed in 

PRO- 1059-WELL- 1 18, Rev. 0, Monitoring Well Installation. These wells were designed with screened intervals 

that closely approximate the paired well, except that the top of the screened or filter-packed interval for certain wells 

were set deeper than the original well to provide additional well intake zone protection. To ensure that these wells 

excluded drilling-artifact contamination, all wells were installed using dual (“aseptic”) casing construction methods 

described in PRO.114, Drilling and Sampling Using Hollow-Stem and Rotary Drilling and Rock Coring Techniques, 

and as modified in the SAP (RMRS 1999~). 

The depth of actinide contamination in surface soils was an important consideration for well design. Surface casing 

must prevent contaminated soils from entering the borehole and contaminating deeper materials. As most Pu- 

239/240 is mainly limited to the top 40 to 60 cm of soil, a surface casing depth of 65 cm (2.1 feet) below original 

grade was chosen to isolate the majority of contamination while permitting sufficient room for excess soil removal 

and casing cleaning. A target activity-concentration of 1 pCi/g was adopted for determining whether the 65 cm 

isolation casing depth was adequate for excluding gross surface soil contamination from potentially entering the 

wellbore. Pu-239/240 or Am-241 activity-concentrations found to be higher than this criterion would result in 

analysis of deeper soil samples to document contamination conditions of the well intake zone and allow an 

assessment of cross-contamination potential for the well. 
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Typical well construction materials consisted of a 2.5 foot section of 16-inch ID steel surface casing and concrete 

pad, and 2-inch ID, schedule 40 or 80 PVC riser and factory cut (0.010-inch slot width) well screen with an 

approximately 0.4 foot long PVC threaded bottom cap. Protective casing consisting of a 6-inch ID or larger steel 

riser with locking cap and lock was set in concrete to a depth of about 2 to 3 feet. Caution was exercised during 

each step of the well construction process to prevent surface contaminants from entering the borehole. All 

downhole equipment, including augers, rods, tools, and casing, were decontaminated and radiologically surveyed 

prior to advancing past the base of the isolation casing and into the well intake zone. 

e 

Borehole Drilling and Logging 
Prior to drilling at each site, the uppermost 3 to 4 inches of soil was removed from a 3 x 3 foot square area 

surrounding the hole location. The excavated surface was then securely covered with plastic sheeting to prevent 

grossly contaminated soils from entering the immediate drill hole area. Surficial soil sampling, hand excavating, 

and drilling was initiated through a pre-cut 16 to 20-inch hole cut in the plastic sheeting at the center of the square 

excavated area. This square area was later used for well pad construction in conjunction with cementing-in the 

surface isolation casing. 

At each drill site, a 20-inch diameter borehole was hand excavated to a depth of about 1.8 feet below the excavated 

soil surface (a total of 2.1 feet bgs) in preparation for surface isolation casing installation. All soil cuttings were 

carefully removed in 4 to 6-inch lifts using freshly decontaminated tools in preparation for isolation casing 

installation. Steel surface casings were placed and seated in the boreholes to an approximate depth of 2.1 feet below 

original ground surface, with a 0.4 foot stick-up, to prevent potentially contaminated surface soil from entering the 

borehole. After sealing the top of the surface casing with plastic and duct tape, concrete was placed into the casing 

annulus, while causing as little disturbance to the borehole wall as possible. Once the annulus was filled, the plastic 

sheeting was removed from the 3 x 3 foot square and the remainder of the pad was poured to a finished dimension of 

3 x 3 feet wide by 6-inches thick using a wooden frame. 

0 

After allowing for a 24 hour or longer cement set-up time, the plastic sheeting used to cover the surface casing was 

removed for final clean out and sampling. The auger string was then advanced to the estimated target total depth in 

the SAP based on drilling results obtained from the existing paired well. During drilling, continuous soil cores were 

obtained at two-foot increments using a split spoon sampler. 

Well Installation 
Groundwater monitoring wells were installed in accordance with GT.06, Monitoring Wells and Piezometer 

Installation and the project SAP (Rh4RS 1999~). Generally, the wells were installed in accordance with the design 

specifications set forth in the SAP, although adjustments for screen depth (wells 50199 and 50299) and screen 

length (well 50199) were made to account for unexpected variations in bedrock depth. Table 9-2 contains the'as- 

built specifications for the wells. * 
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50199 
50299 
50399 

@ Table 9-2 Well Construction Specifications for Actinide Drilling-Artifact Contamination 
Wells 

06991 2.1 NIA 9.5 10.7 20.7 21.0 
11791 2.1 <2.4 9.1 9.3 14.3 14.6 

P3 13489 2.1 20.7 15.8 17.1 22.1 22.5 

Well Development 
Monitoring wells were developed prior to sampling using the procedures specified in PRO. 106, Well Development, 

as modified by the SAP. The main objectives of well development were to improve well yields and reduce turbidity 

levels, thus ensuring that any groundwater samples obtained were as representative as possible of undisturbed 

conditions. All water produced during well development was handled as uncharacterized development water in 

accordance with FO.05, Handling Purge and Development Water. 

e 9.1.6 Sample Collection 

Soil Samples 
Soil samples collected at new drilling sites consisted of a set of five, depth-discrete surface and subsurface samples 

for documentation of Pu-239/249 and Am-24 1 contaminant conditions for drilling-artifact contamination evaluation. 

Surface soil samples were collected from each new well location site using the grab sampling method specified in 

GT.08, Surface Soil Sampling. After the uppermost 3 to 4-inch layer of soil was removed, a soil sample was 

collected from the borehole area to a depth of approximately 5 to 6-inches below the excavated soil surface. 

Following surface isolation casing installation and clean out, a subsurface soil sample was collected from the base of 

this casing to a depth approximately 1 to 2-inches below the casing point using hand tools, as specified in GT.08, 

Surface Soil Sampling. These samples were submitted for analysis to document the efficacy of the isolation casing 

in excluding surface soil contamination. Additional subsurface soil samples were collected from the 4.0 to 5.0 foot 

depth interval, slough at the top of the well intake zone, and from undisturbed soils in the upper 1-foot of the well 

intake zone. These samples were initially stored (and subsequently analyzed) pending the results of the uppermost 

soil and groundwater samples. 

' 
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Groundwater Samples 
Groundwater samples from all well pairs were collected during the 31d/4' quarters of 1999 and during the 2"d quarter 

of 2000. These periods were chosen to coincide with low and high water table conditions, respectively, for 

evaluating the potentially episodic nature of actinide transport caused by spring recharge, as postulated by Harnish 

et. al. (1994). Generally, higher actinide activity-concentrations have been ,observed in some RFETS wells during 

. 

the spring recharge season. It is not known, however, whether the elevated values result from natural actinide 

transport through unsaturated soils, sampling variability, or sample contact with infrequently saturated (and thus 

poorly developed) portions of cross-contaminated well intake zones. 

For the initial sampling event, groundwater sampling began after the well fully recovered from the well development 

process. Pu-239/240, Am-241, and TSS samples were collected from each of the wells in well pairs 11791/50299, 

P3 13489/50399, 1587150099, and 0699 1/50199 using the bailer method, as specified in PRO. 108, Measurement of 

Groundwater Field Parameters, and PRO. 1 13, Groundwater Sampling. Bailing was selected because this method 

typically generates a large quantity of particles and colloids from the local well intake environment compared to 

ambient conditions in the surrounding aquifer. Another consideration was that it be consistent with previous 

sampling methods to allow for comparison with historical results. During sample collection, having the same 

crewmember collect samples from both wells in a pair minimized variability in operator technique. Well purging 

focused on turbidity monitoring to a greater degree than routine sampling because plutonium and americium are 

strongly particle-reactive and excessive turbidity levels might compromise paired comparisons. Turbidity levels in 

groundwater were monitored and allowed to stabilize prior to sampling. At the time of sampling, final turbidity 

levels ranged from 2 to 149 (clear to cloudy) NTUs (turbidity units) in the new wells and 0 to 239 NTUs in the 

existing wells. All wells yielded adequate sample volumes for the collection of complete sample suites. As a 

cautionary note, it is important to recognize that bailed sample results are not appropriate for application involving 

colloid-facilitated transport problems, as the resulting particle loads and size distributions are not representative of 

actual in situ groundwater conditions. 

Based on the results of the initial sampling event, the 2"d quarter 2000 sampling event was expanded'to include 

groundwater sampling techniques that more closely represent lateral colloid transport in a saturated aquifer. In 

addition to bailer sampling, each well pair was sampled in a quiescent mode using low flow-rate pumping 

techniques (approximate pumping rate of 100 ml/min) that eliminated water column disturbances and minimized 

drawdown, thereby limiting flow distortions at the well. An'additional sample collected at a higher pumping rate 

(300 ml/min versus 100 ml/min) was undertaken at well 1587 to determine whether the 300 ml/min rate used by 

Harnish et al(l996) was the cause of elevated actinide concentrations compared to the Harnish et a1 (1994) results, 

which were based on a 100 mumin rate. Furthermore, wells 90099 and 90399, located on the hillside southeast of 

the 903 Pad, above the SID, were sampled to evaluate potential lateral transport along a well-defined groundwater 

flow pathway that originates at the 903 Pad. These wells were installed using the same surface isolation casing 

0 

techniques employed for the 500-series well pairs. Samples collected at wells 90099 and 90399 were obtained using 

low flow-rate pumping techniques only. 
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Pumping was accomplished by lowering a sample tube to the approximate midpoint of the saturated interval, and 

extracting groundwater with a peristaltic pump. A sample manifold was used to split the pumped water into equal 

discharge streams for the simultaneous collection of primary, filtered, and QC samples (duplicate and split). 

Pumping rates typically ranged from 75 to 100 mVmin during well purging and sampling with drawdown limited to 

25 percent of the water column, where possible. At wells 1 1791 and 50299, repeated sampling visits were made to 

collect enough water for analysis because of excessive drawdown and low well yields. To check WETS contract 

laboratory results, a set of split samples was collected from seven wells and submitted to Texas A&M University 

(Texas A&M) for Pu-239/240 and Am-24 1 analyses. This sample set was ordered after the 3rd/4* quarter 1999 

analytical results for the existing wells failed to detect the elevated activity-concentrations that were characteristic of 

historical values. 

0 

Sample suites were identical to those collected during the 3rd/4" quarter event, except that additional filtered Pu- 

239/240 and Am-241 samples were collected from some pumped wells to evaluate whether actinides were 

associated with the sub 0.45 micron fraction of the sample. Final turbidity levels in the new wells ranged from 74.7 

to 214 NTUs (bailed) and 0.3 1 to 0.80 NTUs (pumped). In the preexisting wells, final turbidity ranged from 13.5 to 

308 NTUs (bailed) and 0.38 to 1.24 NTUs (pumped). This data clearly indicates that particle loads of the bailed 

samples are induced by sampling disturbances inside the well rather than by transport conditions occurring in the 

aquifer. The low turbidity measurements are consistent with the results of Harnish et al(1996), who found low 

turbidity levels (2.6 NTUs) and suspended particle/colloid concentrations (1.32 mg/L) during low flow-rate pump 

sampling of well 1587 in 1992. 
0 

9.1.7 Sampling Results 

Soils 
Table 9-3 presents the results of Pu-239/240 and Am-241 analyses for soil samples collected at each new well site. 

Samples collected at the excavated soil surface (3 to 4-inches below original grade) c o n f m  that shallow soils were 

contaminated with actinides (2.8632 to 489.2946 pCi/g Pu-239/240 and 0.6885 to 104.5068 pCi/g Am-241) prior to 

surface isolation casing installation. Soil activity-concentrations at the base of the isolation casing were below the 

target activity-concentration of 1 pCi/g in wells 50199, 50299, and 50399, but exceeded the criteria at well 50099 

(6.0409 pCi/g Pu-239/240 and 1.0666 pCi/g Am-241). The presence of above target Pu-239/240 and Am-241 

concentrations in this sample indicate that some shallow soil contamination was present when drilling was initiated 

through the isolation casing. For this reason, the deeper soil samples from this borehole were subsequently 

submitted for analysis to further examine the possibility that surface contamination may have been introduced to the 

well intake zone. In all of the deeper samples, Pu-239/240 was not detected in any of the well intake zone or slough 

samples, thus verifying that clean drilling conditions were maintained below the surface isolation casing point. 

Based on this information, it is reasonable to assume that any Pu-239/240 or Am-241 contamination detected in 
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groundwater samples collected from these wells are the result of natural rather than the drilling and well installation 

processes. 

Groundwater 
The results of Yd/4' quarter 1999 groundwater sampling for all paired wells and 903 Pad Hillside wells are 

contained in Table 9-4. ,Pu-239/240 activity-concentrations in groundwater ranged from below detection to 0.060 1 

pCi/L in the new wells and from below detection to 0.1067 pCiL in the existing wells. Am-24 1 activity- 

concentrations were lower than Pu-239/240 in all wells except well 06991. Generally, Pu-239/240 and Am-241 

activity-concentrations were lower for the new wells compared to the existing wells. From these results, it is clear 

that the actinide activity-concentrations at these locations are significantly lower than found in previous years, as 

reported in DOE (1 997) and shown in Figures 9-3 through 9-6. Further discussion of this situation is presented 

below in the discussion of the 2nd quarter 2000 data. 

Table 9-5 presents the results of groundwater sampling for the 2"d quarter 2000 event. Generally, the data for bailed 

samples in this table are consistent with the results of the 3rd/4" quarter 1999 bailed sample data. However, Pu- 

239/240 and Am-241 activity-concentrations detected in the new wells compared with the existing wells (Figure 9- 

7) are more similar. Of the bailed samples, Pu-239/240 activity-concentrations in groundwater ranged from below 

detection to 0.148 pCiL in the new wells and from 0.021 7 pCi/L to 0.176 pCiL in the existing wells. The 

difference in real (0.148 pCi/L) versus duplicate (0.0179 pCiL) Pu-2391240 values reported for well 50099 indicates 

that a potential for sample heterogeneity or analytical error exists in the data. Am-241 activity-concentrations were 

lower than Pu-239/240 in only a few bailed samples; the majority had either equivalent or slightly higher values 

with a maximum result of 0.126 pCi/L reported for well 1587. 

As the 2"d quarter 2000 bailed data for the existing wells has remained inconsistent with historical trends at these 

wells, it is difficult to draw any meaningful conclusions about cross-contamination from the paired well data. This 

situation exists because the experimental design assumes that historically elevated Pu-239/240 and Am-24 1 activity- 

concentrations will persist in the existing wells. The reason for this inconsistency is unknown, but may stem from 

either anomalous sampling conditions, analytical errors, or both. Nevertheless, it appears certain that groundwater 

Pu-239/240 and Am-241 activity-concentrations iri these wells are very low to non detect, which tends to dispel the 

notion that significant amounts of contamination have migrated from surface soils through the unsaturated zone and 

impacted groundwater, as suggested by the historical data. Because Pu-239/240 and Am-24 1 were detected in 

groundwater from some of the new wells, migration of these actinides in small amounts from surface soils through 

the unsaturated zone to groundwater appears to be the most likely explanation. Consequently, this process 

represents a viable pathway that must be considered for saturated zone transport analysis. This possibility will be 

evaluated in the following discussion of low flow-rate pumping results. 
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Low flow-rate pumping is currently the standard industry technique used for sampling colloids in groundwater. The 

results of unfiltered and filtered low flow-rate pumped samples collected during the 2"d quarter 2000 are listed in 

Table 9-5. For the most part, the Pu-239/240 and Am-24 1 activity-concentration of samples analyzed by contract 

laboratories, including those that were filtered, appear to be similar to the bailed sample results, after considering the 

analytical uncertainty associated with the analysis. This conclusion is highlighted by the Pu-2391240 results from 

well 50099, where three different pumped sample analyses for unfiltered pumped (100 ml/min), filtered pumped 

(100 ml/min), and unfiltered pumped (300 ml/min) exceed the Tier I1 action level of 0.15 pCi/L. Variability in Pu- 

239/240 activity-concentration is observed in duplicate sample pairs from wells 06991 (0.037 and 0.0779 pCi/L) and 

50099 (0.175 and 0.085 pCi/L). 

There appears to be no appreciable difference in the unfiltered and filtered Pu-239/240 and Am-24 1 paired data, 

except in well 50099, where the filtered value exceeds the unfiltered value. The results at well 50099 appear to 

directly disagree with the conclusion of RMRS (1998) and Harnish et al(l996) that most groundwater plutonium 

and americium is associated with the >0.45 micron fraction of the sample. Some of the contract laboratory results 

also sharply disagree with the Texas A&M split sample results, notably for wells 50199 (bailed, unfiltered) and 

1 1791 (bailed, unfiltered). For well 50199, the contract laboratory reported a Pu-239/240 activity-concentration of 

0.0279 pCiL compared to a Texas A&M result ranging from 0.2665 to 0.5492 pCiL (real and duplicate sample). 

For well 11791, the contract laboratory reported a Pu-239/240 activity-concentration of 0.0418 pC& compared to a 

Texas A&M result ranging from 0.4549 to 0.5356 pCi/L (real and duplicate sample, respectively). In the case of 

well 11791, the Texas A&M Pu-239/240 result is more consistent with the historical data, which indicates bailed 

sample values ranging from 2 to 6 pCi/L. Neither the contract laboratory nor Texas A&M Pu-239/240 result is 

consistent with the sample history at well 06991 (1 to 4 pCi/L). The unexpectedly high Texas A&M result of 

0.2665 to 0.5492 pCi/L at new well 50199 is much higher than might be expected from comparable analyses at well 

0699 1. The significance of the disparity between the split sample analytical results is currently unresolved, and may 

require that further sampling and analysis be performed to ascertain analytical reliability. 

9.1.8 Summary of Groundwater Pathway Analysis 

Pu-239/240 and Am-241 are relatively immobile in unsaturated soils. Soil profile data collected at the 903 Pad over 

the past three decades demonstrate that movement is limited mainly to the uppermost 20 cm of soil. Small amounts 

of these actinides have penetrated deeper into soil presumably via macropores, which occur to a depth of about 100 

cm below ground surface. Considering that over three decades have passed since these actinides were first released 

to 903 Pad area soils, the low activity-concentrations ( 4  pCi/g) in soil and groundwater at and below 70 cm 

indicate that the actinide flux to shallow groundwater is expected to be small. 

Pu-239/240 and Am-241 are found in low activity-concentrations (c0.15 pCi/L) in UHSU wells usually associated 

with surface and near-surface soil contamination areas. Pu-239/240 and Am-241 groundwater contamination is 

generally not found in areas outside of surface soil contamination areas, including the WETS IA. This situation 
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indicates that widespread contamination from potential underground IA actinide sources, such as process waste lines 

and buildings, is not present in the UHSU. The only contamination found that was not attributable to surface soil 

contamination occurs at the Present Sanitary Landfill, where low level radioactive wastes were buried soon after 

landfilling operations began. Additional areas of localized contamination may still be discovered as D&D 

monitoring programs for individual building closures are implemented during Site closure. 

0 

Recent sampling results from the actinide drilling-artifact contamination investigation confirm that trace activity- 

concentrations of these actinides are found in UHSU groundwater associated with surface-contaminated soils. 

These results are generally below Tier I1 action levels and are significantly lower than activity-concentrations 

previously reported for older companion monitoring wells. The significance of these detections is still subject to 

uncertainty until analytical and/or sampling variations are better quantified and understood. Consequently, further 

investigation may be necessary to refine analytical and sampling techniques for,the reliable measurement of fow 

activity-concentrations of these actinides. 

Vertical migration of Pu-239/240 and Am-241 from surficial aquifers to the Lararnie-Fox Hills Aquifer is not 

implicated as a significant transport pathway. For LHSU groundwater to be contaminated, it follows that the 

overlying UHSU groundwater must also be contaminated. Until the source and concentration levels of Pu-239/240 

and Am-24 1 in the UHSU are confidently established, the issue of contamination in the LHSU can not be 

completely addressed. Nevertheless, the available LHSU hydrogeologic and environmental isotope data indicate 

that Pu-239/240 and Am-24 1 should not have been transported deep into the groundwater flow system beneath the 

Site, except possibly by cross-contamination of surficial soils during drilling and well installation. The lack of 

consistent and repeatable detections of these actinides in LHSU wells showing contamination is further reason to 

doubt their presence in deep groundwater. 
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50099 

50099 

50099 

50099 

Table 9-3 Actinide Soil Sampling Results from New Actinide Drilling-Artifact Contamination 
Wells 

10/22/99 2.3-2.4 00D0544-003.002 AMERICIUM-24 1 1.0666 PCIIG 0.1031 0.3948 

10/22/99 4.0-4.8 00D1345-007.002 AMERICIUM-241 0.134 PCI/G J 0.0452 0.0925 

10/25/99 9.7-10.8 00D1345-008.002 AMERICIUM-241 0.0768 PCVG J 0.0347 0.0614 

10/26/99 11.2-12.0 00D1345-009.002 AMERICIUM-241 0.0519 PCYG J 0.0469 0.0587 

50199 

50199 

50199 

50199 

10/28/99 2.3-2.4 00D0544-009.002 AMERICIUM-241 0.0302 PCIIG U 0.185 1 0.0765 

10/28/99 4.0-4.6 00D1345-010.002 AMERICIUM-241 0.0428 PCYG J 0.0387 0.0484 

11/1/99 13.0-13.3 00D1345-011.002 AMERICIUM-241 0.0585 PCVG J 0.0396 0.0573 

11/1/99 13.3-14.5 00D1345-012.002 AMERICIUM-241 0.0684 PCI/G J 0.0463 0.067 

50299 

50299 

50299 

50299 

8/26/99 2.2-2.4 99D0069-003.002 AMERICIUM-241 0.0637 PCI/G J V1 0.0575 0.0721 

8/26/99 4.0-5.0 00D1345-001.002 AMERICIUM-241 0.01 84 PCI/G U 0.105 0.0472 

8/26/99 7.6-8.2 00D1345-002.002 AMERICIUM-241 0.0469 PCVG U 0.0807 0.0543 

8/26/99 8.2-8.8 OOD1345-003.002 AMERICIUM-241 0.0548 PCI/G U 0.0733 0.0548 

50399 

50399 

50399 

50399 
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8/17/99 2.2-2.8 99D95 13-003.002 AMERICIUM-24 1 0.0477 PCYG U VI 0.0646 0.0661 

8/18/99 3.5-4.2 00D1345-004.002 AMERICIUM-241 0.0808 PCI/G J 0.0747 0.0657 

8/18/99 16.0-16.6 00D1345-005.002 AMERICIUM-241 0.00638 pcl/G 0.137 0.0549 
0.0306 0.0542 8/18/99 16.7-17.7 00D1345-006.002 AMERICIUM-241 0.0678 PC1/G 

50099 

50099 

50099 

239/240 - 
10/22/99 2 3-2.4 00D0544-003 002 PLUTONIUM- 6.0409 PCI/G 0.2041 0 6721 

10/22/99 4.0-4.8 00D1345-007 002 PLUTONIUM- 0.69 PCI/G 0.152 0.251 

10/25/99 9.7-10 8 OODl345-008.002 PLUTONIUM- 00232 PCI/G U 0.121 0.0563 

239/240 

239/240 

239/240 

50199 

50199 

239/240 

239/240 

239/240 

11/1/99 13.0-13.3 OODl345-011 002 PLUTONIUM- -0 00799 PCI/G U 0074 0.0157 

11/1/99 13 3-14.5 00D1345-012.002 PLUTONIUM- 0 PCI/G U 00379 0 
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50299 

50299 

50299 

SO299 

Table 9-3 Actinide Soil Sampling Results from New Actinide Drilling-Artwact Contamination a Wells (continued) 

239/240 

239/240 

239/240 

2391240 

8/26/99 2.2-2 4 99D0069-003.002 PLUTONIUM- 0.084 PCVG U VI 02456 0.1304 

8/26/99 4 0-5.0 OODl34S-001 002 PLUTONIUM- -00117 PCI/G U 0 14 0023 

8/26/99 7 6-8.2 OOD1345-002.002 PLUTONIUM- 00269 PCVG U 00729 0.0527 

8/26/99 8.2-8.8 00D1345-003.002 PLUTONIUM- 0 PCI/G U 00751 0 

SO399 

50399 

SO399 
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8/18/99 3 5-4.2 00D1345-004.002 PLUTONIUM- -0 000257 PCVG U 0.19 0.0618 

8/18/99 16 0-16.6 00D1345-005.002 PLUTONIUM- 0 PCI/G U 00977 0 

8/18/99 16.7-17.7 00D1345-006 002 PLUTONIUM- 00423 PCI/G U 0.171 0.0836 

239/240 

2391240 

239/240 
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50199 

0699 I 

50199 

06991 

50199 

@ Table 9-4 3rd and 4ih Quarter 1999 Groundwater Sampling Results from Actinide Drilling- 
Artifact Contamination Well Pairs 

11/19/99 00D0822-001.003 AMERICIUM-241 

1 1/29/99 00D0838-001.003 PLUTONIUM-2391240 

11/19/99 00D0822-001.003 PLUTONIUM-239/240 

1 1/29/99 00D0838-001.002 TOTAL SUSPENDED SOLIDS 

1 1/19/99 00D0822-001.002 TOTAL SUSPENDED SOLIDS 

PCI/L 

PCI/L 

PCI/L 

MGlL 

MGlL 

0.00338 

0.0068 1 

0.03873 

13 

31 

U 0.01243 V 0.006610 Bail 

U 0.01836 V 0.010553 Bail 

0.01297 V 0.016902 Bail 

5 V Bail 

5 V Bail 

50299 9/21/99 99D0350-001.003 AMERICIUM-241 

' 1 179 1 9/2 1/99 99D0350-002.003 PLUTONIUM-239/240 

50299 9/21/99 99D0350-001.003 PLUTONIUM-239/240 

1 1791 9/21/99 99D0350-002.002 TOTAL SUSPENDED SOLIDS 

50299 9/2 1/99 99D0350-001.002 TOTAL SUSPENDED SOLIDS 

50099 11/10/99 OODO752-003.003 AMERICIUM-241 

1587 11/10/99 00D0752-002.003 PLUTONIUM-239/240 

50099 11/10/99 00D0752-001.003 PLUTONIUM-239/240 

1587 11/10/99 00D0752-002.002 TOTAL SUSPENDED SOLIDS 

50099 I 1/10/99 00D0752-001.002 TOTAL SUSPENDED SOLIDS 

e 

0.0086 

0.0773 

0.0 154 

27 

160 

0.01 54 

0.1067 

0.0601 

190 

5 

MGlL 

MG/L 

0.0058 V 0.008400 Bail 

0.0269 V 0.029700 Bail 

0.0069 V 0.012300 Bail 

5 V Bail 

5 V Bail 

0.0162 V 0.012900 Bail 

0.019 V 0.030100 Bail 

0.0233 V 0.023700 Bail 

5 V Bail 

5 V Bail 

9 - j 4  



01 -RF’-02107 
2000 Annual Rocky Flats Cleanup Agreement 

(WCA) Groundwater Monitoring Report 

Table 9-5 2”d Quarter 2000 Groundwater Sampling Results from Actinide Drilling-Artifact 
Contamination Well Pairs 

06991 6/14/00 1248 TAMU3 Bottle 1 AMERICIUM-24 I 0.1565 PClL 0.0427 BaiVsplit 
06991 6/14/00 1248 TAMU3 Bottle 2 AMERICIUM-24 1 0.0096 PCIL 0.0043 Bailkplit dup 
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Table 9-5 2"d Quarter 2000 Groundwater Sampling Results from Actinide Drilling-Artifact 0 Contamination Well Pairs (continued) 

I I I I 1 I I I I I I 
90399 I 7/18/00 I 1000 I OOD1371-016.001 I AMEFUC!UM-241 I 0.001 I PCllL I u [ I V I 0.005 [ Rinse 

' SCA results reported as total propagated uncertainty 

Pumped samples collected at an average rate of 100 mllmin unless otherwise indicated. 
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9.2 
e 

Site Wide Water Balance 

The Site Wide Water Balance (SWWB) project is being performed to provide information for Site closure design 

decisions. The specific goal of the SWWB is to develop a management tool capable of generating predictions of 

surface water and groundwater response to proposed closure scenarios. Closure activities and post closure 

conditions have the potential to alter groundwater and surface water flow at WETS. Because many Site closure 

decisions cannot be made without first considering quantified predictions of closure effects on groundwater and 

surface water flow, a Site water balance is necessary to assess current conditions as well as various closure 

scenarios. The SWWB will address the problem of determining to what degree Site closure affects surface water 

and groundwater flow in the Woman Creek and Walnut Creek drainages. This information will be utilized to assess 

a number of Site closure issues including, but not limited to, compliance with surface water action levels, impacts to 

biological resources, and post closure land configuration design. 

The SWWB will serve to quantify surface water and UHSU groundwater flow and interactions occurring within the 

IA, in the drainage pathways immediately downstream, and within the eastern Buffer Zone. More specifically, 

modeling will focus on the Woman Creek and Walnut Creek drainages and associated upgradient groundwater seep 

areas within the WETS property boundary. The Ro,ck Creek drainage and the underlying deep regional aquifer 

systems are excluded from consideration because of their hydrological isolation !?om potential IA sources and 

closure actions and their effects. 

During 1999 the SWWB data quality objectives (DQOs) were identified. In the spring of 2000, 13 monitoring wells 

were equipped with In-Situ Inc. Hermits@ or Trolls@ for continuous water level monitoring. In addition, 72 wells 

were activated for quarterly water level measurements. All of these measurements are in addition to the regularly 

scheduled groundwater monitoring specified in the IMP and measurements taken by the real time groundwater 

monitoring network described in Section 3.4. Data collection activities for the calibration data period (FY 2000) 

have been completed. 

The S W W  team selected the physically based integrated modeling code, Mike SHE, created by the Danish 

Hydrologic Institute, to generate a hydrologic model for the Site. Details of the code selection process are presented 

in the Model Code and Scenario Selection Report (K-H 2001). 

The initial construction of the model has been completed. The model is set on a uniform 200-ft. x 200-ft. grid. The 

geologic structure of the model consists of four layers, and was based on available depth to bedrock information as 

well as utility line, utility trench, and building basement information. The surface water model includes major 

drainages and.tributaries within the model boundary, as well as Site ponds and other relevant anthropogenic 

structures. The potential evapotranspiration and precipitation (spatially distributed) time series files have also been 

prepared and included in the model. Finally, initial values were entered into the soil and vegetation databases based 

on the available data previously collected at the Site. 
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The S W W  team is currently in the process of calibrating the model to the calibration data set. As part of the 

calibration process, a sensitivity analysis will be performed. Simulating the May 1995 WETS site precipitation 

event will validate the model. Following validation, the closure scenarios and climate scenarios described in the 

Model Code and Scenario Selection Report (K-H 2001) will be run and an interpretation of the results will follow. 
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10.0 OTHER GROUNDWATER PROGRAM ACTIVITIES e 
10.1 Well Abandonment and Installation 

During calendar year 2000, 17 monitoring wells were installed at RFETS. Table 10- 1 lists these wells and 

summarizes their purpose. Figure 10-1 presents the locations of the 2000 monitoring well installations. Boring 

logs and well construction diagrams for these wells are presented in Appendix D. More detailed discussion of the 

purpose of these wells and sampling locations is presented elsewhere in this Annual Report. 

No wells were abandoned in 2000. However, an extensive Well Abandonment and Replacement Program (WARP) 

will begin in FY02 and is anticipated to continue through FY05. During this project, most of the wells currently in 

place at RFETS will be abandoned. Some may be abandoneddue to D&D activities, then reinstalled after those 

activities have concluded. These efforts will culminate in the final, post-Closure network of groundwater 

monitoring wells. 

Table 10-1 Calendar Year 2000 Monitoring Well Installations 

00200 
00300 
00400 
00500 
00600 
00700 
02500 

30100 PU&D Yard plume evaluation 
30200 PU&D Yard plume evaluation 
30300 PU&D Yard plume evaluation 
30400 PU&D Yard plume evaluation 
30500 PU&D Yard plume evaluation 
30600 PU&D Yard plume evaluation 
30700 PU&D Yard plume evaluation 
30800 PU&D Yard plume evaluation 
30900 

D&D monitoring for Building 707 
D&D monitoring for Building 707 
D&D monitoring for Building 776/777 
D&D monitoring for Building 776/777 
D&D monitoring for Building 7761777 
D&D monitoring for Building 776/777 
Replacement D&D monitoring well for Building 779 (replaces well 02297, 
destroyed during D&D activities) 

PU&D Yard plume evaluation (source-area well) 
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11.0 GROUNDWATER DATA QUALITY ASSESSMENT 

All Section 11 .O Tables are found in Appendix E. Also see Tables 2-1,2-2 and 2-3. 

11.1 Methods 

The quality of the analytical data is assessed in this section in terms of five data-quality parameters: precision, 

accuracy (bias), representativeness, completeness, and comparability (PARCC) as outlined by RMRS in the Quality 

Assurance Program Plan For The Groundwater Monitoring Program Rocky Flats Environmental Technology Site 

(RMRS 200 1 c). Precision and accuracy are quantitative measures. Representativeness and comparability are 

qualitative measures. Completeness is a combination of both quantitative and qualitative measures. This section 

summarizes the types of data available to assess the PARCC parameters. Data used to evaluate the PARCC 

parameters are presented in full in the Quarterly Groundwater Monitoring Reports (RMRS 2000a, 2000b, 2001a and 

2001b). 

Prior to the evaluations made in the Quarterly Groundwater Reports, the Kaiser Hill-Analytical Services Division 

(KH-ASD) team performs its own data quality assessment on metals, radionuclides, volatile organic compounds, 

polychlorinated biphenyls and water quality parameters results that are derived from groundwater. The nature and 

extent of these verification and validation activities are based upon program and customer-specified requirements 

and requirements of KH-ASD to evaluate contract laboratory performance against Statement of Work (SOW) 

requirements. Verification-validation criteria are generally based on government-published standards and 

guidelines, primarily EPA Contract Laboratory Procedures (CLP) and SW-846 method guidelines for organic and 

inorganic data evaluation and review. Verification-validation is a graded process to assess both compliance of the 

data package with the SOW and acceptability of the data using parameter specific guidelines. Verification is an 

assessment process used to ensure that data meet certain specified criteria; it is a check of the data based on a review 

of the summary sheets provided by the laboratory. Validation provides the same review with the addition of an 

exhination of the raw data and calculations that go into the summary sheets; and it is a more thorough assessment 

process than verification. All laboratory generated components of the following PARCC evaluation such as matrix 

spikes, laboratory control samples and detection limits are considered in generating the verification and validation 

qualifiers. The quality of the verification-validation process should be considered to be a major influence on the 

quality of the PARCC assessment. 

The WETS groundwater monitoring program, as established in the 2000 IMP, consists of 17 1 wells and locations 

that are sampled at a quarterly or semi-annual frequency (K-H 1999a). Included in this group and report are data 

from eight D&D wells installed in 2000, after publication of the IMP list (the 00100-00700 series wells and 

replacement well 02500) and five building footing drains used as D&D sampling sites. Three wells not in the IMP 

are also considered here because rinsate results derived from sampling events at the wells are associated with 

sampling at IMP wells. A total of 35 1 sampling attempts were made during CY 2000. This represents all required 

visits and does not reflect multiple visits to locations that were dry or only provide water on a limited basis. Except 
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in the case of damaged wells 2987 and 02297 (later replaced by 02500), all samples specified in the IMP were 

collected unless well disposition was prohibitive (Le., dry, or wenqdry during sampling). During 2000, 2216 

samples were scheduled for collection; the actual number collected was 1522 because of dry conditions, wells with 

insufficient water, or well damage. Table 2- 1 presents a summary of sample collection and well disposition. Table 

11-8 gives a summary of sampling success throughout the year. 

e 

Quality Control (QC) samples consisting of real/duplicate pairs were collected from 19 locations and rinsate samples 

were collected from 20 locations. The frequency for field duplicate sampling of 1 in 9.0 (1 1.1%) locations exceeded 

the target rate of 1 location in 20 (5%) for the 2000 sampling program. Similarly, the frequency for field rinsate 

sampling of 1 location in 8.6 (1 1.7%) exceeded the target rate of 1 in 20 (5%) for 2000. PARCC analysis of the 

2000 QC data is presented in the following sections. 

Precision 
The precision of a measurement is an expression of the mutual agreement between duplicate measurements of the 

same property taken under similar conditions. Precision can be expressed quantitatively by the relative percent 

difference (RPD) between real and duplicate field samples for metals, VOCs, PCBs and water quality parameters 

(WQPs) as defined by the following equation: 

RPD = I(S-D)I x 100 where, S = Concentration of analyte in Real Sample 
(S+D)/2 D = Concentration of analyte in Duplicate Sample 

Similarly with respect to radionuclide analyses the WETS Groundwater Program uses the following Duplicate Error 

Ratio (DER) equation to express their precision. 

DER = IS-DI where, TPUs = Total Propagated Uncertainty of the Real Sample 
[(TPU: + TPUD~)]”~  TPUD = Total Propagated Uncertainty of the 

S = Activity of Real Sample 
D = Activity of Duplicate Result 

Duplicate Sample 

Because TPU is seldom reported for radionuclides (except possibly for tritium analyses) in the laboratory data 

records, 2-Sigma Error or random counting error has been substituted for TPU in the uranium, americium/plutonium 

and strontium calculations made for this report. TPU was not reported in 2000 for tritium analyses, so 2-Sigma 

Error was also substituted in DER calculations. 

A compilation of RPDDER calculations for 2000 can be found in Tables 11-1 (RF’Ds) and 1 1-2 (DE&). The 

overall QC criterion for groundwater RPDs is 130%, for DERs the criterion is 11.96. Table 11-3 gives a summary 

of the Overall Precision Compliance for RPDs and DERs for each quarter. 
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Accuracy 
Accuracy is the degree of agreement for a measurement with an accepted reference or true value and is a measure of 

the bias in a system. The closer the measurement to the true value, the more accurate the measurement. The 

validation-verification process (see above), by assigning a qualifier, is the principal means for evaluating the 

accuracy of analytical results. For this PARCC evaluation, the accuracy assessment is based on the Evaluation of 

Data forUsability in Final Reports (RMRS 1998e). The PARCC analysis compares the actual analytical methods 

used to the required analytical methods and compares the contract required detection limits (CRDLs) for each 

analyte to the achieved detection limits. Table 1 1-4 gives the CRDLs for the various analytes. With respect to 

analytical results retrieved from electronic files (and the few hand entered ones), detection limits are readily 

available. 

Additional information on the accuracy of laboratory analyses is given by matrix spike and laboratory control 

samples (LCS). Matrix spike recovery data for VOCs, metals, WQPs and PCBs are given in Table 11-5 and LCS 

recoveries for radionuclides are given in Table 11-6. These tables include all the matrix spike and LCS data for 

2000 because these data were either corrected at a later date from those included in the Quarterly Reports or were 

not reported properly as in the case of the LCS results. Note that the criteria for evaluation of matrix spikes and 

LCS samples were modified in the Fourth Quarter of 2000. Please see the Accuracy discussion in Section 7 of, the 

Fourth Quarter RFCA Groundwater Monitoring Report for Calendar Year 2000 (Rh4RS 200 1 b) for a discussion of 

the modifications and corrections made in that report to these evaluations. 

Acceptable criteria for matrix spikes cover a broad range depending on the analyte, analytical method and the 

individual laboratory. Laboratory control samples are evaluated if they are outside a QC range of 75-125 YO 
recovery. According to the K-H ASD, laboratories will commonly accept LCS values in the range of 70-1 30 YO. 
LCS percent recoveries between the 70- 130 % laboratory range and the 75- 125 YO QC range required by the KH- 

ASD laboratory contracts are examined by the validators for acceptability on an analyte by analyte basis. 

e 

Representativeness 
The discussion of representativeness in this section is limited to an evaluation of whether analytical results for field 

samples are truly representative of environmental concentrations or whether they may have been influenced by the 

introduction of contamination during their collection and handling. The potential introduction of contamination is 

evaluated by examination of the analytical results for equipment rinsates (or Field Blanks, Table 11-7). Equipment 

rinsates are used to assess the efficacy of the decontamination process and possible cross-contamination between 

environmental samples. They are samples of VOC free "distilled" water that have been poured over and/or through 

decontaminated sampling equipment and subsequently handled in the same manner as environmental samples. 

Although rinsates are used specifically as indicators of cross-contamination during decontamination of equipment, 

they are carried through the entire sampling, shipping, and laboratory process and are, consequently, also good 

indicators of potential contamination introduced during any of these steps. Because rinsate samples are judged to be 

adequate to assess introduced contamination; the groundwater program does not use trip blanks. 0 
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Other aspects of representativeness, such as numbers of samples and spatial distribution, are fixed in the 

Groundwater Integrated Monitoring Plan (K-H 2000a). All well visits that were required by the IMP were 

completed in 2000. Plate 1 presents the locations sampled for reference to the spatial distribution of the samples. 0 
Completeness 
In part, completeness is measured by the relative ability to draw water from a location and collect samples from it. 

Table 1 1-8 compares the actual number of samples collected in 2000 to the required number of samples. As a result 

of dry locations or locations with such low productivity as to prohibit sample collection, the completeness goal of 

90% was not met for any analyte group. 

Completeness is also a quantitative measure of data quality expressed as the percentage of valid or acceptable data 

obtained from a measurement system. Table 1 1-9 summarizes the validation completeness evaluation. Detailed 

validation and verification data for all analytes and samples are provided in the 2000 quarterly reports (RMRS 

2000a, 2000b, 2001a and 2001b). A completeness metric was calculated using the following formula: 

Completeness = Dp, = DP, - DP, x 100 (in percent) (The completeness criterion is 2 90%) 
DPt 

Where: Dp, = Percentage of usable data points 
DP, = Non-usable data points 
DP, = Total number of data points 

Comparability 
Comparability is a qualitative parameter. During 2000 planned analytical methods for VOCs, metals, WQPs and 

radionuclides remained consistent over the entire year. Laboratory analyses were performed according to standard 

CLP protocols and results should be comparable to data produced by similar methods. Consistency in the 

acquisition, handling, and analysis of samples is necessary for comparing results. Table 11-4 lists the required 

methods for the various analytes. Data developed under the groundwater program are collected using WETS SOPs, 

transported using both WETS SOPs and US-DOT shipping regulations and analyzed using standard EPA or 

nationally recognized analytical methods to ensure comparability of results with other analyses performed in a 

similar manner. 

11.2 Discussion of Analyte Groups 

11.2.1 Metals 

Precision 
There were 27 duplicate sampling events paired compared with 2 17 real sampling events in the data set for metals in 

2000 (1 in 8.0, 12.4%). For the 27-real/duplicate pairs there were 736 records for analyses. Relative percent 

differences for metals are displayed in Table 1 1- 1 ; criteria for display are given in Table 1 1-3. Six hundred forty- 

eight (648) of the calculated RPDs were within the RPD-QC criterion of - <3O% (Table 11-3). With 88.0% of the 
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RPDs meeting the QC criterion, precision for metal analyses was above the goal of 85% and is, therefore, 

acceptable. e 
The recommended frequency for duplicate samples is 1 in 20 on a per-well basis. In 2000, 18 of 102 wells sampled 

were analyzed for metals as reallduplicate pairs, a ratio of 1 in 5.7 (17.6%). Thus, duplicate sample frequency was 

within the requirements on both a per-well and per-analysis basis. 

Accuracy 
All metal analyses were performed using contract-required methods during 2000. The contract required methods, as 

indicated in Table 11-4, stipulate that the CLP-SOW methods be used for analysis of dissolved and total metals. 

Note that total metals analyses were run as necessary in support of various groundwater evaluations, and to analyze 

samples collected with dedicated pumps using low-flow (micropurging) techniques. Based on the requirements 

summarized in Table 11-4, the methods used during 2000 for analysis of metals meet or exceed the criteria 

described in Evaluation of Data for Usability in Final Reports (RMRS 1998e). 

Table 1 1-4 also presents a summary of the contract required detection limits (CRDLs) for metals analyses. 

Detection limits for 2 1 of 28 metals were at or below CRDLs for all the analyses performed. Seven metals had 

detection limits for which some analyses were above CRDLs. The analytes were antimony with acceptable 

detection limits in 98% of the analyses, arsenic (98%), cadmium (98%), lead (74%), selenium (40%), silver (27%), 

and thallium (27%). Discussion and data accuracy evaluations for specific samples and analyses are presented in the 

quarterly reports. e 
Table 1 1-5 gives matrix spike results for metals analyses in 2000. There are 1 158 matrix spike records in the table 

where 1 1 records are below a percent recovery of 75% and 23 records are above 125%. Thus, 1% of the matrix 

spikes for metals are low and 2% are high. Low recovery analytes (number of records in parentheses) include 

calcium (3), iron (l), mercury (l), sodium (l), strontium (4) and zinc (1). High recovery analytes include calcium 

(9), lithium (9), mercury (l), potassium (1) and sodium (3). The numerous analyses meeting the quality control 

(QC) criterion of 75425% and the lack of a consistent pattern of analytes falling outside the QC criterion indicate 

that there is no matrix interference problem for metals in groundwater for 2000. Metals analyses for 2000 are 

accurate with respect to matrix interference. 

Representativeness 
There were 626 rinsate records versus 6657 real and duplicate sample records combined for metals in 2000 (1 in 

10.6). Most metals rinsate results were either “u” (non-detect) or “ B  (detection was less than the CRDL but 

greater than the IDL) qualified, indicating that in general no metal contamination was introduced during sampling 

and/or shipping activities. As shown on Table 11-6, metals were detected in five rinsate analyses. These metal 

rinsate detections were well below both Tier I1 and Background M2SD levels where these limits are defined. Note 

that these data do not include rinsate results from 891 COLGAL and 891COLWEL, which were erroneously 

collected and actually contained sample water. See the note in Table 1 1-7 and discussion in Section 7.1 of the Third 

Quarter Groundwater Report (RMRS 200la). 
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Completeness 
The 2000 Integrated Monitoring Plan (K-H 2000) requires that samples be analyzed for metals at 285 locations. 

Metal sampling was attempted at all required locations during 2000 (Table 1 1-8). Seventy-four locations were dry 
or went dry during metal sampling, such that samples could not be collected. Two samples could not be collected 

because of damaged well casings (wells 2987 and 02297). Of the 285 metal sample events required by the IMP, 209 

e 
were successfully completed during 2000, a success rate of 73.3% (Table 11-8). The goal, which assumes adequate 

groundwater production from the monitoring locations, is to have at least 90% successfully sampled. 

All metals sampling records were either validated or verified in 2000. Updated validationherification results are 

presented in Table 1 1-9. Of 7280 metals analyses, 122 were rejected (1.7%=R/R1 -validated/verified). Therefore, 

7 158 analyses (98.3%) were judged to be acceptable and valid. The rejections were because of reasons related to 

laboratory activities, primarily out of date instrument calibrations and calibration blank errors. Details of the 

rejections are contained in the Quarterly Groundwater Monitoring Reports (RMRS 2000a, 2000b, 200 1 a and 200 1 b). 

Validation (as opposed to verification) of metals records was performed on 37.4% (2720 of 7280 analyses), which is 

well above the 25% criterion defined in the IMP. 

Comparability 
No changes were made to analytical procedures during 2000. Thus analyses from 2000 are comparable to previous 

analyses. 

0 11.2.2 Radionuclides 

Precision 
The data set for radionuclides (americium-24 1 , cesium- 137, neptunium-237, plutonium-239/240, uranium isotopes 

U-233/234, U-235, and U-238, tritium, and strontium-89/90) contains 81 duplicate sampling events versus 579 real 

events (1 in 7.1). Duplicate samples were collected at 18 of 1 18 locations sampled for radionuclides (1 in 6.6). 

Duplicate Error Ratios for reauduplicate analytical record pairs from analyses qualified by the laboratories as 

detections are shown in Table 11-2. Table 11-3 gives display criteria for Table 11-2. Duplicate Error Ratios for 135 

of the 136 reavduplicate analytical pairs were acceptable (DER 5 1.96). The only DER exceeding the - < 1.96 

criterion was a uranium isotope U-233/234 from the first quarter. As shown in Table 11-3, the precision metric was 

met in 99.3% of radionuclide reallduplicate samples. Precision for radionuclide analyses is good. 

Accuracy 
All radionuclide analyses were performed using the proper contract required methods during 2000 (Table 11-4). 

Required detection limits for the 1264 radionuclide analyses performed during 2000 were met except for six 

analyses: three americium, one plutonium, one uranium (isotope U-233/234), and one strontium-90 were performed 

with detection limits greater than those specified in the contract. One americium was rejected in validation because 

tracer requirements at the laboratory were not met. The remaining two americium analyses and the plutonium and 

strontium analyses had analytical results that were well below the quoted detection limits and Tier I1 action levels. 0 
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They were qualified as non-detects by the laboratories. The uranium detection limit was 1.103 pCi/L versus the 

required limit of 1 .O pCi/L; the result was 2.4 pCi/l, which, while over the Tier I1 action level (1.06 pCi/L) is well 

below the Background M2SD (60.7 pCi/L). As such, the accuracy of radionuclide analyses is generally good. 

Table 11-6 gives LCS results for radionuclide analyses performed in 2000. All 236 LCS results are within the 75- 

125% recovery QC criterion (see ResultLCS Yield Fraction column). Note that LCS results reported in the lst 

through 31d Quarter Groundwater Monitoring Reports (Rh4RS 2000a, 2000b and 2001a) were not drawn from the 

correct data field. Table 1 1-6 contains the correct data for the whole calendar year. With respect to LCS samples 

radionuclide analyses in 2000 are accurate. 

Representativeness 
There are 1 14 rinsate records for radionuclides compared to 1 146 real and duplicate records 2000 (1 in 10.0). 

Rinsate samples were collected at 17 locations in 2000 (1  in 6.9). Fifteen rinsate analyses yielded detectable values 

(Table 1 1-7). Five of the detected rinsates are from locations 89 1 COLGAL and 89 1 COLWEL, where sample water 

was erroneously substituted for rinsate water. These rinsates are discounted here. Detections remain in four 

americium rinsates, five plutonium rinsates and a strontium-90 rinsate. All are below Tier I1 action levels. Seven 

are estimates based on laboratory qualifiers. Based on 10 of 109 (90.8%) rinsate results being undetected, there is 

little indication that introduced contamination during sampling activities is a concern for 2000 radionuclide data. 

e Completeness 
As shown on Table 11 -8, 196 plutonium/americium, 293 U-isotope, 1 16 tritium, 46 strontium-89/90, 12 cesium- 137 

and 24 neptunium-237 samples were to have been collected for analyses. All the required samples were collected or 

attempted. The success rate varied because of dry wells or wells that went dry during sampling. Four samples could 

not be collected because wells 02297 and 2987 are damaged. The percentages of successful sample collection were 

60.2% for WAm,  69.6% for U-isotopes, 66.48% for tritium, 50.0% for strontium-89/90, 58.3% for cesium-137 and 

20.8% for neptunium-237. The goal is 90%, groundwater conditions permitting. 

All radionuclide results (1264) except for 9 cesium-137 were either validated or verified. Cesium analyses are 

performed under a special contract and are not validated or verified at this time. Of the validatedherified results (a 

total of 1255) 35.5% (445) were validated and 64.5% (810) were verified. The percentage for validation is well 

above the 25% QC criterion needed for compliance. Only one americium analyses was rejected, because of tracer 

failure at the laboratory. As shown in Table 1 1-9, 100% of the uranium, tritium, strontium-89/90, and neptunium- 

237 radionuclide analyses are usable. Ninety-nine percent of the plutonium/americium analyses are usable. In 

general, the radionuclide analyses are thought to be complete. 

Corn para bility 
No changes were made to analytical procedures during 2000. Thus, the radionuclide analyses presented here are 

assumed to be comparable to previous analyses. ~e 
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11.2.3 Volatile Organic Compounds and Semi-Volatile Organic Compounds 

17 

4 

1 1  

I 

Precision 
There were 3 1 duplicate sampling events versus 294 real sampling events for VOCs and dissolved gases (methane, 

ethane and ethene) in 2000 representing a ratio of 1 in 10.1 events. Duplicate samples were collected at 18 of 142 

VOC or dissolved gas sampling locations (1 in 7.9). Relative percent differences for 1791 of the 1801 duplicate/real 

pairs met the QC criterion of 5 30%. Table 11-1 lists those pairs with detections as defined in Table 1 1-3. Ten RPD 

values were less than the QC criterion of 30% (Table 1 1-1). As indicated by the “Real-“ and “Dup Lab Qual” 

columns of Table 11-1, dilution procedures or contamination of the analytical instrument as indicated by method 

blanks are common reasons for duplicateheal pairs to exceed the 30% QC criterion. In any case, the analyses of 

VOCs for 2000 meet the overall precision compliance goal of 85% and are, therefore, adequately precise. 

Probably not 

Probably 

37 30-800 @I 

6 800-1 800 pg/l 

21 > 10000 pg/l Yes 

Yes 2 

(Real and Duplicate pairs ->) No 

1” Quarter = I700 & 1400 pg/l 

3d Quarter = 12 & I5 pg/l 

Accuracy 
All VOC and dissolved gas analyses performed in 2000 employed contract-required methods EPA 524.2 and either 

Method 80 15 or 80 15 Modified, respectively (Table 1 1-4). With respect to analytical methods, the results are 

accurate. 

In 2000 there were 71 analyses (not counting dilution runs) out of 336 real/duplicate/rinse analyses (1 in 4.7) that 

did not meet the 1 pg/l contract required detection limit (CRDLs) for VOCs. These 71 analyses represent 38 

different sampling locations. Five locations (5 analyses) contained little or no evidence of contaminants of concern 

and did not warrant detection limits in excess of the CRDL (concentrations were generally less than 10 pg/l). 

Seventeen locations (37 analyses) contained concentrations of contaminants (principally carbon tetrachloride, PCE 

and TCE) that while elevated may not warrant detection limits in excess of the CRDL. In general, concentrations in 

these sampling events were under 800 pgA. Four locations represented by six analyses contained concentrations of 

contaminants that probably did warrant exceeding the CRDL; concentrations in these cases were between 800 and 

1800 g / I .  Eleven locations (21 analyses) had contaminants with concentrations greater than 10,000 pg/l. Meeting 

the CRDL in these locations is essentially impossible. The following table summarizes the figures discussed here. 
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In order to protect instrumentation when using the EPA 524.2 method, the laboratories do not run lx  detection limits 

on the samples from wells having significant VOC contamination. In order to decrease the frequency of cases where 

detection limits are above CRDLs and the magnitude of specific dilutions, the Groundwater Program has been 

working with the KH-ASD team, which in turn is informing the laboratories of Groundwater Program needs. Note 

that at the suggestion of CDPHE in the 2”d Quarter of 2001, the VOC analytical method was switched from EPA 

524.2 to SW-846 Method 8260. Method 8260 has an analyte suite that encompasses the 524.2 suite with three 

additional analytes. More importantly, it requires a screening analysis by the laboratory that is hoped will decrease 

excessive dilution and exceedance of the CRDLs. Further discussion and additional data are provided in the 

quarterly reports (RMRS 2000a, 2000b, 200 la  and 200 1 b). 

Despite the problems with dilutions and detection limits, VOC and dissolved gas analyses in 2000 are thought to be 

acceptable. 

Matrix spike data for VOC analyses for 2000 are presented in Table 1 1-5. No matrix spike analyses were performed 

for dissolved gases. From the 2192 VOC results in Table 11-5,88 matrix spike records are less than the 75% 

recovery and 47 are greater than 125%. Thus 6.2% of matrix spikes do not meet the QC criterion of 75125% 

recovery. Examination of Table 1 1-5 indicates that no one compound dominates the group of results outside the QC 

criterion. Most matrix spikes that do not meet the criterion are not associated with contaminants of concern. In 

many cases, where an analyte is a contaminant of concern (carbon tetrachloride, chloroform, methylene chloride, 

PCE or TCE) at a given location, the contamination causes the matrix spike analysis to be outside the QC criterion. 

There does not appear to be matrix spike interference for VOC analyses in 2000. Accuracy of VOC analyses with 

respect to matrix spikes is good. Again, further discussion and additional data are provided in the quarterly reports 

(RMRS 2000a, 2000b, 200 1 a and 200 1 b). 

Representativeness 
There were 26 rinsate-sampling events from 18 wells for VOCs in 2000. All of these events were analyzed using 

the EPA 524.2 method. Of the 1507 resulting records, 37 rinsate analyses contained VOCs at detectable 

concentrations (Table 11-7). Nine of the records in Table 1 1-7 are from locations 891COLGAL and 891COLWEL. 

In the 3rd quarter, sample water was accidentally substituted for rinsate water, as indicated by comparing analytical 

results for the real, duplicate and rinse samples from that quarter (RMRS 2001a). These rinsate results are not 

considered in the following discussion. 

Twenty-eight rinsate detections are present in Table 11-5. Results of all the 28 are below Tier I1 action levels. 

Chloromethane and dichlorodifluoromethane, which appear in rinsates, are not contaminants of concern. It is 

unclear why they are reported as detections. The methylene chloride and naphthalene rinsate results are tainted by 

method blank contamination and in any case have concentrations less than or equal to 1 pdl. Similarly, PCE and 

TCE are below 1 g / 1  and are “J” qualified as estimated concentrations. Considering all rinsate analyses, 98.0% 

yielded non-detects. Individual results are discussed in the quarterly reports (RMRS 2000a, 2000b, 2001a and 

2001b). Based on the high percentage of non-detects in the rinsate samples, the VOC samples are judged to be 

representative. 
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Completeness 
During 2000, the required 346 VOC and 17 dissolved gas sample sites were visited (Table 11-8). From these, 272 

VOC and 14 dissolved gas samples were collected, yielding success rates of 78.6% and 82.4%, respectively. In 

general, dry well conditions precluded collection of samples; the goal of 90.0% was not reached for VOCs or 

dissolved gases in 2000. Two damaged wells (2987 and 02297) could not be sampled for VOCs. 

There were 19,475 VOC analytical records returned in 2000. All VOC records were either validated or verified. Of 

these, 41.3% of the analyses (8050) were validated, and 58.7% (1 1,425) were verified (Table 1 1-8). These 

percentages are well within the required criterion for a minimum of 25% validation. Of the analyses for which 

validation or verification was performed, 0.3% (60) were rejected and are considered unusable data. All 60 

rejections were for propane-l,2-dibromo-3-chloro (not a contaminant of concern), and were from the first quarter of 

2000. These were rejected for reasons associated with the laboratory (see RMRS 2000a). Overall, 99.7% of VOC 

analyses are usable. VOC analyses are complete with respect to validation and verification. 

Because dissolved gas analyses are performed under special contracts as needed they are not validated or verified at 

this time. 

Corn pa rabi I ity 
As stated above, no changes were made to analytical procedures during 2000. Thus VOC analyses presented here 

are assumed to be comparable to previous analyses. 

1 I .2.4 Water Quality Parameters e 
Precision 
For the water quality parameters chloride, total cyanide, fluoride, nitrate, nitrate/nitrite, dissolved organic carbon, 

total organic carbon, total dissolved solids, sulfate, sulfide, there were 8 1 duplicate sample records versus 59 1 real 

sample records collected during.2000 (1 in 7.3). Total petroleum hydrocarbons (TPH) have been included in this 

discussion. Seventy-six of the RPDs calculated from the 8 1 real/duplicate pairs (93.8%) were less than the QC 

criterion of 30% and, therefore, acceptable (Tables 1 1-1 and 1 1-3). The five reallduplicate pairs with RPDs that 

were greater than the criterion were distributed over total cyanide (l), fluoride (I), nitratehitrite (2) and dissolved 

organic carbon (1). Overall, the data indicates good precision for water quality parameter plus TPH analyses. 

Accuracy 
All water quality parameter analyses were performed using the proper contract required analytical methods in 2000 

(Table 1 1-4). Analytical data indicate that the contract-required detection limits were met for 99.4% (7 17 of 72 1 

records) of water quality parameter analyses in 2000 (Table 1 1-3). Two fluoride and one sulfate analysis did not 

meet CRDL requirements. One fluoride analysis was a non-detect for both TRI and TR2 results that were below 

Tier 11. The second fluoride was above the Tier I1 action level (4 mg/l) at the detection limit (5 mg/l). The sulfate 

result (2750 mg/l, detection limit = 125 mg/l, dilution = 500) was also above Tier I1 (500 mg/l). In general, with 

respect to methods and detection limits, water quality parameter plus TPH results for 2000 are accurate. 
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Matrix spikes for chloride, total cyanide, fluoride, nitrate, nitratehitrite, dissolved organic carbon, total organic 

carbon and sulfate are given in Table 11-5. All 208 records for water quality parameters in Table 1 1-5 are within a 

range of 75-125% recovery. There does not appear to be any matrix interference affecting water quality parameters. 

Representativeness 
There were 50 equipment rinsate analyses for water quality parameters in 2000 (total cyanide, fluoride, 

nitratehitrite, total dissolved solids, sulfate, and TPH). Thirty-five of the analyses (70.0%) were non-detects. As 

shown in Table 11-6, one total cyanide, three nitratehitrite, and eleven TDS rinsate analyses had detectable 

concentrations. The results for these analyses are low and none of the results were above Tier I1 action levels where 

such levels are defined. The TDS rinsate results are an order of magnitude (1 OX) below results for real and 

duplicate analyses. No significant introduced contamination is indicated. 

Completeness 
As shown in Table 11-8, 17 chloride, 26 total cyanide, 80 fluoride, 17 nitrate, 261 nitratehitrite, 8 dissolved organic 

carbon, 17 total organic carbon, 142 sulfate, 17 sulfide, 253 total dissolved solids and 14 TPH samples were to have 

been collected for analysis. All of the required visits for sampling were made. The success rate varied because of 

dry wells or wells that went dry during sampling. Two wells were damaged (02297 and 2987). The percentages of 

successful sample collection were 82.4%.for chloride, 76.9% for total cyanide, 55.0% for fluoride, 82.4% for nitrate, 

74.3% for nitratehitrite, 62.5% for dissolved organic carbon, 82.4% for total organic carbon, 76.5% for sulfate, 

76.9% for sulfide, 68.4% for total dissolved solids and 50.0% for TPH. The QC goal is 90%, groundwater 0 conditions permitting. 

All of the 724 water quality parameter analyses performed in 2000 were validated or verified (Table 1 1-9). 

Validation was done on 39.1% (283) of the results, verification was done on 60.9% (440). As shown in Table 1 1-9, 

all of the 2000 WQP analyses provided usable data points. 

Comparability 
As stated above no changes were made to analytical procedures during 2000. Thus, the water quality parameter 

analyses presented here are assumed to be comparable to previous analyses. In 1999, TRPH analyses were 

performed under a line item code for Waste Characterization. In 2000, a different line item code was selected for 

the same analytical procedure (Method EPA 4 18.1) where the analyte name is TPH. The TRPH and TPH results are 

comparable. 

11.2.5 Polychlorinated Biphenyls (Pesticides-PCBs) 

Precision 
A duplicate sample for Polychlorinated Biphenyls (PCBs) was collected from one of the ten PCB sampling locations 

in 2000. There are seven different PCBs per sample. Because all duplicate and real analyses were non-detections at 

the detection limits, all seven RPDs are equal to zero. Therefore, there are no PCB-RPD results shown in Table 1 1 - 
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1.  PCBs analyses are included in the summary Table 1 1-3. PCB analyses are acceptable with respect to precision in 

2000. 

Accuracy 
Contract required detection limits were met for all PCB analyses in 2000 (Table 11-4). The electronic data files 

submitted by General Engineering Laboratories show that all PCB analyses were performed using the SW-846, 

Method 8080A/808 1. However, the hard copy laboratory reports say that EPA SW-846 Third Edition, Method 8082 

was used. As shown in Table 11-3 the contract required detection limits are specified for SW-846 Method 8082. 

Electronic and hardcopy analyses submitted by Lionville Laboratories, Inc. (formerly Recra Labnet, Philadelphia- 

RECRL) both indicate the method employed was SW-846, Method 8082. With respect to detection limits and 

analytical methods, PCB analyses in 2000 are acceptable. 

No matrix spike analyses were performed for PCBs in 2000. While accuracy quantification for PCB analyses could 

have been better, because all the results were non-detects, analyses for PCBs are judged to be accurate for 2000. 

Representativeness 
A rinsate sample was collected at one of the ten sampling locations. The seven rinsate records were all non-detects. 

There is no evidence of introduced PCB contamination because of the sampling procedures in 2000. Real and 

duplicate analyses are considered to be representative for 2000. 

Completeness 
Because of the lack of water, only 10 of 29 wells could be sampled for PCBs (34.5%). All of the 84 results returned 

were classified as usable data points. Validations were made 33.3% of the time while verifications were made the 

remaining 66.7% of the time. Sampling was incomplete because of dry conditions; however, it was complete with 

respect to gathering usable data. 

Comparability 
Calendar year 2000 PCB analyses are comparable to previous analyses (1 999). Analytical methods and sampling 

procedures have remained the same over the sampling period. 
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12.0 CONCLUSIONS AND FUTURE ACTIVITIES 

The groundwater program experienced a number of improvements during 2000 and set projects in motion that will 

be accomplished in 2001. The following conclusions can be made withrespect to the groundwater program based 

on the detailed discussions found elsewhere in this report. 

Data collection and data quality for groundwater samples collected during 2000 have maintained good results based 

on the PARCC summary presented in Section 1 1 .O. Almost all of the data was available electronically, and the data 

validation percentages generally exceeded the 25 percent required. In addition, improvements were made in 2000 

that will help correct the arbitrary dilutions that occurred in some analyses by changing the analytical method for 

VOCs from Method 524.2 to SW846. The results of this change will be seen in samples analyzed in 2001. 

With respect to groundwater reporting, the changes implemented for the 1999 Annual RFCA Groundwater Report 

have been maintained in the 2000 Annual Report. This report now focuses on data evaluation as opposed to data 

presentation. Individual wells have been discussed more completely and the results of groundwater evaluations 

have been expanded. The actual data used in the current Annual Report will be provided in the four RFCA 

Quarterly Reports and not reproduced here. The RFCA Quarterly Reports have stayed the same except for some 

changes in the format of the report. The Quarterly Reports and this Annual Report can be accessed through the 

WETS EDDIE web pages. 

The Building D&D monitoring program was expanded with the addition of Buildings 776/777 and 707 to the 

monitoring network. D&D monitoring well installations for Buildings 371/374, 883, 865, 881, 991 and 559 will be 

completed in 200 1. 

The largest programmatic improvement for groundwater has been in the characterization and quantification of 

groundwater plume nature and extent. Evaluation of the East Industrial Area Plume resulted in a better 

understanding of the possible effects of a large utility corridor on plume migration. The additional well installations 

for the PU&D Yard Plume have increased understanding of plume extent and allowed the companion plume 

degradation evaluation to be conducted more effectively. Plume degradation assessment activities were also 

initiated for the Ryan's Pit/903 Pad Plume with special sampling for biodegradation parameters. 

In 2001, an evaluation of the IA plume will be expanded and will attempt to identify the sources for the groundwater 

contamination such that multiple plumes may be identified. 

Improvements were also made in 2000 for the understanding of the nature and extent of radionuclide contamination 

in groundwater. A total uranium plume map was prepared which will be'used by Water Programs and the Actinide 

Migration Project to understand uranium concentrations in groundwater. The final sets of ICPMS uranium analyses 

were also incorporated into the 2000 Annual Report, which will help differentiate the areas of anthropogenic 

uranium in groundwater. Also, the update to the data collected from monitoring wells installed in 1999 for assessing 

Pu/Am in groundwater will aid actinide migration studies. 
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Given the large amount of new data with respect to the nature and extent of groundwater contamination at WETS, a 

review of the groundwater monitoring network will be done in FY 2002. The evaluation will be part of the Well 

Abandonment and Replacement Project, which will start in FY 2002. This project will help focus on the 

abandonment of wells no longer necessary for monitoring purposes at WETS. It is anticipated that some changes 

will be proposed to the monitoring program based on this evaluation. 
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Trend Plots For Selected Analytes and Wells 
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Appendix A: Figures A-I Through A-I56 
Trend Plots For Selected Analytes and Wells 
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00-RF-02107 . Appendix A: Figures A-1 Through A-156 
Trend Plots For Selected Analytes and Wells 
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Appendix A: Figures A-1 Through A-156 00-RF-02107 
Trend Plots For Selected Analytes and Wells 
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Appendix A: Figures A-I Through A-156 00-RF-02107 
Trend Plots For Selected Analytes and Wells 
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Appendix B: Water Level Data 
Groundwater 2000 

01-RF-02107 

Water Dry or 

Elevation (W.L. below 

Bottom 
Screen 

Elevation (ft.) 

Sample Level Technically Dry Water 
Location Level from 

Date 
screen) TOC (ft.1 ,ft.) , . .  I 

00100 10/9/00 4.681 5972.79 I 5946.2E 
00191 4/12/00 17.921 5952.52 594 3.8E 
00191 1011 0100 18.6 5951.84 5943.86 
001 97 1/5/00 Dry 5917.E 
00197 4/3/00 Dry 5917.E 

00997 ! 8/1/001 12.i8i 5789.721 I 5789.E 

Missing Water LWSI Elevation or Bottom Screen 
Elevation means no Top of Casing Ehvatlon available 

3qo 
B- 1 2000 Water Levels-App.ndix B.xh 

9/24/01 



Appendix E: Water Level Data 
Groundwater 2000 

Location 

01 -RF-02107 

Water 
Dry or Bottom 

Level from Screen Elevation (W.L. below 
(ft.) screen) 

Water 

TOC (ft.) 

Sample Level Technically Dry 

Elevation (ft.) 
Date 

Missing Water Lf 
Elevation means 

I . .  

00997 9/5/00 6.87 5795.03 I 5789.6 
00997 10/4/00 6.37 5795.53 5789.6 
00997 11/1/00 6.34 5795.56 i 5789.6 
00997 12/4/00 6.62 5795.281 5789.6 
01 097 4/25/00 23.33 6005.671 5987.2 
01 097 10/2/00 24.81 I 6004.191 5987.2 
01 197 4/25/00 12.451 6002.831 I 5985 

ivel Elevat 
no Top of 

01197 , 10/2/00 
01291 ! 4/4/00 
01291 ! 10/4/00 
01297 I 4/25/00 
01297 I 10/2/00 
01391 1/3/00 
01391 2/3/00 

01391 I 413100 
01391 j 3/1/00 

Ion 01 

Casir 

16.331 5998.951 5985 
15.28' 5837.571Technically Dry 1 5837.91 
15.5 5837.35/Technically Dry I 5837.91 

5980 
5980 

5959.7 
5959.7 
5959.7 
5959.7 

12.56 6003.54/ I 

14.77 6001.331 I 
11.15 5964.15 I 

11.5 5963.8 I 
11.65 5963.65 

1093 5964371 I 

' Bono 
ig Elor 

01391 ! 5/1/00 
01391 1 6/5/00 
01391 I ' 7/10/00 
01391 i 8/1/00 
01391 i 9/8/00 

10.44 I 5964.86 I I 5959.7 
10.41 5964.89) I 5959.7 
10.66 5964.641 I 5959.7 
10.7 5964.61 5959.7 

10.71 5964.591 I 5959.7 
01391 I 10/5/00 
01391 ; 11/2/00 

01397 I 4/25/00 
01 397 I 10/2/00 

01391 [ 12/5/00 

10.74 
10.78 
11.32 J J U ~ . J U  .Jarla. I I 
8.29 5998.65 I 5982.8 

12.45 5994.49 5982.8 

5964.56) 
5964.52 i 
cncq ne1 

5959.7 
5959.7 
cnca 7 

B-2 Srn Screen 
iation available. 

i d p p  



Water 
Sample Water Level 

Elevation 
TOC (ft.) 

Location Level from 
Date 

(ft.) 

Missing Water Level Elevation or Botlorn S c m n  

Dry or 
Technically Dry 

(W.L. below 
screen) Elevation (ft.) 

Bottom 
Screen 

Elevation means no Top of Casing Elevation available. 

30- 

02297 i 4/6/00! i 
02297 I 7/13/001 I 

02397 I 4/10/00 9.691 5977.12 
02397 ! 7/13/00 10.51 5976.31, 
02397 1 10/9/00 9.431 5977.38 
02397 I 12/6/00 I 

02397 1 1/6/00 10.631 5976.18 

! 

B-3 

I 5965.98 Destroyed 
Destroyed 5965.98 

1 5975.03 
I 5975.03 

5975.03 
5975.03 

Dry 5975.03 

01 -RF-02107 

0386 
0390 
0390 
0390 
0390 
0390 
0390 
0390 
0390 

Z W O  Watnr Lsvels.Appsndir B.xls 
onuoi 

12/5/00 17.051 5660.81 I 5652.57 
1 /4/00 54.141 6024.99 6010.4 
2/1/00 54.551 6024.58 ! 6010.4 
3/2/00 54.7 6024.43' 6010.4 
4/5/00 54.76 6024.37 6010.4 
5/2/00 54.94 6024.19 6010.4 
6/2/00 55.31 + 6023.82 6010.4 
7/5/00 55.29 6023.84 6010.4 
6/2/00 55.321 6023.81 i 6010.4 



Appendix 8:. Water Level Data 
Groundwater 2000 

Location 

01 - RF-02107 

Water Dry or 
Bottom Level Technically Dry 

Level from Screen 
Elevation (W.L. below 

Elevation (ft.) 
(ft.) screen) 

Water 

TOC (ft.) 

Sample 
Date 

~~ ~ 

0390 ~ i 9/6/001 55.38 
0390 4 10/4/001 55.36 
0390 11/2/001 55.58 
0390 12/1/00 I 55.71 

~~ ~ 

6023.751 I 6010.4 
6023.771 601 0.4 
6023.551 6010.4 
6023.42 I I 6010.4 

5897.77 
5897.77 

03991 5897.77 
03991 ' 10/5/001 36.481 5900.391 5897.77 

04091 I 4/12/001 37.49 5892.65 
04091 I 7/14/00 37.49 5892.65 
04091 I 10/5/00 37.53 5892.61 
04191 4/12/00 17.72 5939.27 
04191 10/9/00 17.93 I 5939.06 
04591 1/6/00, 44.98 5905.27 
04591 4/12/00[ 45.11 5905.14 
04591 j 7/12/001 45.19 5905.06 
04591 ; 10/9/00/ 45.24 5905.01 
0487 I 1/10/001 12.87 5898.71 
0487 I 2/3/001 13.11 I 5898.47 

I 5892.52 
I 5892.52 

I 5938.48 
I 5938.48 

5904.59 
5904.59 
5904.59 

I 5904.59 
1 5890.65 
I 5890.65 

I 5892.52 

Missing Water Level 
Elevation m a n s  no 

I Elevation 01 

TOD 01 Casii B-4 r Bonom Screen 
10 Elevalion available. 

2000 Walei r Levels-Appendix 8 . ~ 1 ~  
OllUOI 



Appendix B: Water Level Data 
Groundwater 2000 

Location 

01-RF-02107 

Dry or 
Bottom 
Screen 

Elevation (fl.) 

Water 
Sample Water Level Technically Dry 

Elevation (W.L. below 
Level from 

Date TOC (ft.) Ifl., screen) 

e 

0 07291 I 11/6/001 20.77 
07291 1 12/5/001 20.94 
07391 1 1/6/001 9.16 

5958.031 i 5956.67 
5957.861 i 5956.67 
5941.451 i 5937.74 

Missing Water Level Elevation or Bottom Screen 
Elevation m a n s  no TOD of Casino Elevation available. I 

34f 
B-5 2000 Water LevelpAppendix 0.~16 

0124101 



Appendix B: Water Level Data 
Groundwater 2000 

Water Dry or 

Elevation (W.L. below 
(fl.) screen) 

Water ' Bottom 
Sample Level Technically Dry 

Location Level from Screen 
Elevation (fl.) TOC (ft.) 

Date 

07391 j 4/5/00 8.7) 5941.91 I 5937.74 
07391 ! 7/12/00 1 1.66 5938.95 5937.74 
07391 ! 10/5/00 9.56 5941.05 ! 5937.74 
0790 : 5/5/00] 13.51 6085.281 6047.9 
0790 I 11/21/00! 16.67 6082.121 6047.9 
08091 , 1/6/00 19.99 5929.52iTechnically dry 5931.6 
08091 ! 4/12/00 19.99 5929.52 Technically dry 5931.6 
08091 ' 7/12/00 19.98 5929.53 Technically dry , 5931.6 
08091 j 10/9/00/ 19.99 5929.52 Technically dry 1 5931.6 

01-RF-02107 

Idi 8.116 

0ru01 



Missinp Water Level Elevation 01 

Sample 
Date 

Location 

Elevation means no Top of Casir 

3% 

Water Dry or 
Bottom 
Screen 

Elevation (ft.) 

Water Level Technically Dry 
from Elevation (W.L. below 

screen) TOC (R.1 (R.) 

Appendix 6: Water Level Data 
Groundwater 2000 

I I . .  , 
10398 1 4/4/00/ 6.491 6024.01 6019.9 
10398 I 7/11/001 5.17 6025.33 6019.9 
10398 I 10/6/00 4.64 6025.86 6019.9 
10498 I 1/3/00 5.78 6026.72 6021.1 
10498 i 4/4/00 4.76 6027.741 I 6021.1 
10498 1 7/11/00 5.61 6026.891 6021.1 
10498 j io/6/00 4.86 6027.64 6021.1 
10592 1 1/10/00~ 20.95, 5916.98 I 5912.15 

1 4/5/00! 23.15 5914.78 5912.15 10592 

10592 10/4/00/ 21.621 5916.31 i 5912.15 

10594 i 10/3/00/ 11.581 5809.37ITechnically dry I 581 0.12 

, 
__ 

10592 j 7/10/001 23.86 5914.07 I 5912.15 

10594 1 4/12/00i 8.71 5812.251 I 5810.12 

__ 

01-RF-02107 

' 

2Mw Watar'Levels-Appendix B.xIs 
012uo1 



Appendix B: Water Level Data 
Groundwater 2000 

Sample 
Date 

Location 

Water Dry or 

Elevation (W.L. below 
(ft.1 screen) 

Bottom 
Screen 

Elevation (ft.) 

Water Level Technically Dry 
Level from 
TOC (ft.) 

11294 I 9/5/00\ 21.36! 6152.14; 6095.2 

0 1 0 7  -RF-OZI 

11294 21.61 6151.89 

11594 ! 1/4/001 59.86 6056.47 
11594 j 2/1/001 59.95 6056.38 

11294 , i 'llliOD}- 12/1/00 22.59 6150.91 

e 
I 6095.2 

6049.98 
6049.98 

I 6095.2 

I 

a 

11 594 3/1/001 60.01 

Missing water Level Elevrlion or 00nom S c m n  
Elavallon m a n s  no Top of Casing Elevation avaikable. 

6056.321 I 6049.98 

B-8 

1 1594 

ZOO0 Water Levels4ppendh 0 . ~ 1 ~  
onuw 

4/5/00 1 60.1 2 I 6056.21 6049.98 
1 1594 5/4/00 60.21 6056.12 
11594 I 6/5/00 60.28 6056.05 
11594 I 7/5/00 60.37 6055.96 
11 594 8/2/00 60.34 6055.99 
1 1594 9/5/00! 60.33 6056 
1 1594 10/5/00 1 60.3 6056.03 
11594 I 11/1/00( 60.27 6056.06 
11594 i 12/1/001 60.33 6056 
11891 1/10/00 26.32 5921.12 
11891 I 4/11/00 26.21 5921.23 
11891 I 7/14/00 26.58 5920.86 

6049.98 
I 6049.98 

6049.98 
6049.98 

! 6049.98 
6049.98 
6049.98 
6049.98 

! 5917.51 
5917.51 

I 5917.51 
11891 I 10/5/00 
1 1994 5/9/00 

12094 7/17/00 

12191 j 1/6/00 
12191 I 4/12/00 
12191 1 7/12/00 

12094 / 4/12/00 

12094 / 10/4/00 

26.56 5920.88 5917.51 
4.11 5623.43 5619.28 

5749.99 

I 5749.99 9.64 5753.43 
10.61 I 5752.46 5749.99 
27.37 5930.821 I 5923.49 
28.39 5929.81 5923.49 
28.29 5929.9 I 5923.49 

6.16 5756.91 I 

4 

I 

12191 j 10/5/00) 28.2 
12391 j 4/11/001 50.87 
-- 5929.99 5923.49 

5890.83 5871.67 
12391 1 7/14/001 51.381 5890.32 5871.67 



Appendix B: Water Level Data 
Groundwater 2000 

Water Dry or 

Elevation (W.L. below 
(fi.1 screen) 

Water Bottom 
Sample Level Technically Dry 

Location Level from Screen 
Elevation (ft.) 

1386 I 7/6/00/ 6.741 5835.85 5830.97 
1386 j 8/1/00/ 7.171 5835.421 5830.97 
1386 1 9/5/00/ 8.03) 5834.56) 5830.97 
1386 ' , . 10/3/00! 10.991 5831.61 5830.97 
1386 ! , l l / l /OO~ 9.571 5833.021 5830.97 
1386 i 12/4/00; 6.51 i 5836.08i 1 5830.97 
1390 4/10/00 j 30.3: 5990.321 5978.5 

5978.5 
6009.4 1490 : - 1/4/00/ 53.04/ 6018.24/ 
6009.4 

1490 : 3/2/00) 53.9 6017.38 6009.4 
1490 i 4/5/00( 54.05 6017.23 6009.4 
1490 I 5/11/001 53.9 6017.38 - 6009.4 

TOC (ft.) 
Date 

i 

____.___. 

-__ 1390 I ___  10/4/00i 30.65: 5989.971 I 

__ 1490 ! 2/1/00i 53.631 6017.651 _- 

01-RF-02107 

. 

Elevation man8 no Top of Casing Elevation available. 

?si< 
D-Y 



Appendix 6:  Water Level Data 
Groundwater 2000 

Location 

01-RF-02107 

Water Dry or 

Elevation (W.L. below 

Bottom 
Screen 

Elevation (ft.) 

Sample Water Level Technically Dry 
Level from 

Date 
screen) TOC (ft4 (fi., 

1786 9/5/00 I 5.57' 58641 ! 5854.45 
1786 i 10/3/00i 5.43 5864.141 5854.45 
1786 ll/l/OOi 5.31 5864.261 5854.45 
1786 1 12/4/001 5.61 5863.961 5854.45 
~18199 1 1/6/001 13.661 5973.91 5964.66 

18199 ! 10/11/001 10.971 5976.591 5964.66 
18299 I 1/6/001 12.28) 5975.221 5966.1 
1 ~ 7 9 9  ' 7/14/aoi 11 91 5975.6i I 5966.1 

18199 j 7/14/00! 1 (DV to top pump ! 5964.66 

5854.45 
I 5854.45 

7/6/00 \ 5.93: 5863.641 
8/1/00i 5.69. 5863.88, 

- 
18399 i 7/14/001 I Dry to top pump 
18399 i 10/11/00/ 8.16 5976.7 
1 a499 1/6/00 I 10.8 5975.15 
18499 I 7/13/00 10.331 5975.62 
18499 / 10/11/00 7.621 5978.33 
18599 I 1/6/00 10.351 5975.21 I 

5972.06 
5972.06 
5964.45 
5964.45 
5964.45 
5964.26 

9.19: 5978.31 i ~- 
. 1/6/00 lDW t0 tOD DUmD 

~~~~ ~ 

11 8599 I 7/13/00/ 9.91 I 5975.651 5964.261 

Missing Water Level Elevation or Bonom Semen 
Elevation m a n s  no TOD of Casino Elevation available. B-10 2wO Water Lsvelr-Appendix B.xls 

ORUDl 



Appendix B: Water Level Data 
Groundwater 2000 

B-11 Missing Waler Level Elevation or Eonom Screen 
Elevalion m a n s  no Top of Casing Elovalion available. 

01 - RF-02107 

2WO Water Levels-Appendix E.xls 
' ORUO1 



Appendix B: Water Level Data 
Groundwater 2000 

h i 

01-RF-02107 

~ ~ ~ _ _ _ _ _  

Missing Water Level Elovalion 01 Bouom SCWn 

I Elevation mean5 no l o p  of Casing Elevation available. B-12 two Water LeveIs-Appendlx 8x1s 
ongo1 



Appendix B: Water Level Data 
Groundwater 2000 

B-13 Missina Wler  Level Elevation or Bottom Screen 
Elevation m a n s  no Top of Casing Elevation available. 

01- RF-02107 

2ow Water Levels-Appdndix B.rls 
9124lot 



Mlssinp Water Level Elevallon or 8on( 
, - Elevation means no TOP of Casino €10 

Location 

Appendix B: Water Level Data 
Groundwater 2000 

Dry or 
Bottom 

Water 
Level Technically Dry 

Level from Screen 
Elevation (W.L. below 

Elevation (f't.) 
(f't.) screen) . 

Water 

TOC (f't.) 

Sample 
Date 

01-RF-02107 

23196 I 4/4/001 26.431 5790.241 5790 
123196 : 7/10/001 26.791 5789.88 Technically dry 5790 
23196 10/4/00 26.371 5790.3 5790 

23296 j 2/2/00 5.41 I 5852.59 5848 
23296 ! 3/1/00 5.41 5852.6 5848 

'23296 1 1/3/00 5.451 5852.55 5848 

5848 
5848 

23296 j 4/12/00 4.821 5853.18 I 
23296 1 5/2/00 5.021 5852.98 
23296 j 6/1/00 5.371 5852.63 5848 

23296 9/5/00 6.51 5851.5 5848 

23296 I 7/10/00! 6.4$ 5851.55 5848 
23296 1 8/1/00 6.341 5851.66 5848 

23296 I 10/3/00 61 5852 5848 

~~ 

I 

12687 ! 10/9/001 1 DN i 5940.831 

2487 I 10/6/001 
I DN I 5944.691 
I Dry I 5944.69 

2686 I 4/10/001 11.97) 5965.21 5964.42 

2687 I 4/12/00/ I DN I 5940.83 

2986 I 4/10/00 
2986 I io/g/oo 
2987 1/5/00 
2987 I 4/4/00 
2987 I 4/12/00 
2987 1 7/10/00 
30100 I 10/2/00 

B-14 Screen 
Ion available. 

5950.81 
5950.81 

I Dry 
Dry 
Dry to top pump 5792.31 

12.49 5801.8 I 5792.31 
Dry to top pump I 5792.3 1 
Dry to top pump 1 5792.3 1 

8.24 5954.96 i 5936.38 

ZOO0 Waler Levels-Appendix 8 . x k  
onuoi 

3ox-m I innmnl 8.241 5951.84 I 5931.18 
30300 
30400 
30500 
30600 
30700 

5937.1 6 
5936.36 

10/4/00 I Dry 5914.46 
10/3/00 I I Drv 5907.34 

10/2/00 I 9.03 598.871 I 
10/2/00 30.18 5937.051 

1011 2/00 I Dry 5931 .ai 4 



Appendix B: Water Level Data 
Groundwater 2000 

Location 

01-RF-02107 

Dry or 
Bottom 

Sample Water Level Technically Dry Screen 

Elevation (ft.) 

Water 

Elevation (W.L. below 
(ft.) screen) 

Level from 
TOC (ft.) 

Date 

34791 1011 0100 
3586 1/3/00 

I --- 6/1/001 I Dry to top troll 
411 2/00 'DW 5925.78 

5943.39 
8.081 5904.681 I 5899.15 

35991 10/6/00 16.88 5959.57 
3687 1 / I  o/oo 36.63 5914.48 
3687 AI1 1/00 37.71 5913.4 

5959.55 
5886.32 
5886.32 

40299 I 7/11/001 19.06 
40299 ~ 10/6/001 18.73 
40399 1 1/4/00( 13.75 
40399 r - 4 / 5 / 0 0 1  16.86 

Missing Waler Level Elevation or Bonom Screen 

6005.1 5997.09 
6005.43 5997.09 
6006.16 5996.08 
6003.05i I 5996.08 

Elevation means no l o p  of Casing Elevation available 

L\b4 
B-15 2WO Waler Levels-Apwndlx 6 . ~ 1 ~  

912uo1 



Missing Walter Level Elevation or 00U1 

Elevalion means no Top of Casing €le , 

Location 

Appendix 6:  Water Level Data 
Groundwater 2000 

Water Dry or 

Elevation (W.L. below' 

Bottom 
Screen 

Elevation (ft.) 

Sample Water Level Technically Dry 
Level from 

Date 
screen) TOC (ft.) (fi.) 

01-RF-02107 

40599 I 4/7/001 8.72; ~135.82/ i 5933.69 
5933.69 

40599 I 7/14/00 9.34 5935.21 
40599 1 7/14/00 10.51 5934.031 5933.69 

1 5933.69 
40599 i 4ffioo 10.51 5934.031 I 

40399 I 7/11/001 13.051 6006.86 
40399 I io/6/ooj 12.1 I 6007.81 
40499 1/3/001 14.761 6005.82 

I 5996.08 
5996.08 

I 5996.31 
40499 4/5/00] 12.12 
40499 1 7/11/001 13.98 

6008.461 I 5996.31 
6006.61 I 5996.31 

I 

40599 1 1/6/001 9.051 5935.491 
40599 i i/6/ooi 10 51 5934.041 

5933.69 
5933.69 

40599 7/26/00 
40599 I 7/26/00 
40599 1 10/11/00 

8.91 5935.63 I 5933.69 
10.51 5934.03 5933.69 

5933.69 7.38 5937.16 I 
40599 i 10/11/001 10.49 5933.69 5934.051 I 

Water 

40699 1/6/001 12.87 
40699 j 1/6/001 13.52 
40699 I 4/7/00i 12.96 

Level. 

I 5928.971 I 5927.69 
5928.321 I 
5928.881 I 

5927.69 
5927.69 

Appendix 8.xis 
9/24/01 

40699 4/7/00 I 13.54) 5928.31 5927.69 
I 7/14/00) 12.461 5929.381 5927.69 
1 7/14/00( 13.51 I 5928.331 5927.69 

40699 I 10/11/001 11.691 5930.151 

4087 j 5/2/00/ 8.391 5876.22 
4087 6/1/001 5.66 5878.95 
4087 1 6/1/001 8.41 5876.2 
4087 7/6/00 I 6.79 5877.82 

______ 
Technically dry 5876.54 

5876.54 
Technically dry 5876.54 

5876.54 
4087 I 7/6/00 
4087 8/1/00 
4087 8/1/00 
4087 9/5/00 
4087 9/5/00 
4087 10/3/00 
4087 10/3/00 
4087 I 11/1/00 
4087 I 11/1/00 

8.42 5876.19 Technically dry I 5876.54 
8.04 5876.57 5876.54 
8.46 5876.15'Technically dry I 5876.54 
8.031 5876.58 I 5876.54 
8.41 5876.2 Technically dry 1 5876.54 

Dry 5876.54 
8.4 5876.21 Technically dry 5876.54 

I Dry 5876.54 
8.41 5876.21 Technically dry 5876.54 



Location n=+n I ' 
4087 

Appendix 6:  Water Level Data 
Groundwater 2000 

12/4/00 8.391 5876.22)Technically dry ! 5876.54 

01 - RF-02107 

40899 I 1/6/00 
40899 , 411 0100 

I I Dry i 5964.73 
5964.73 13.04 ; 5966.2 1 i 

__.- 

40899 ~ 10/11/00 
40999 ' 1/4/00 
40999 i 4/7/00' 
40999 , 7/11/00 
40999 I 10/9/00 
41091 I 1/3/00 

. . - . . .. . . 

5964.73 
5981.41 5.751 5983.03; 

4.631 5984.151 5981.41 
6.26 ~ 5982.52 i 5981.41 
5.51 1 5983.271 5981.41 
10.11 5711.751 5709.56 

~Dry  

__.____._ ____- 

Missing Water Level Elevation or Bono 
Elevation means no Top of Casing €103 

41091 2/2/00 i 2.23 1 571 9.62 1 

Im Screen 
ialion available 

5709.56 

B-17 

41091 

2000 Water Levels-Appendia 0 . ~ 1 ~  

8/24/01 

3/1/00 10.1 5711.75 5709.56 
41091 I 4/13/00 
41091 j 5/2/00 
41091 6/2/00 
41091 I 7/10/00 
41091 ~ 8/1/00 
41091 j 9/5/00 

8.81 5713.04 5709.56 
9.63 5712.22 5709.56 

10.05 5711.8 5709.56 
9.33 5712.52 5709.56 

10.041 5711.81 . 5709.56 
10.77 5711.08 ! 5709.56 

41091 1 10/4/001 10.85 
41091 1 11/1/00 10.74 
41091 i 12/4/00 8.26 

41 099 4/7/00 3.06 
41099 7/11/00 5.53 

41199 i 1/4/00 4.91 
41199 ! Al10100. 4.18 

41099 , i ~ o o  5.24 

41099 I 10/9/00 4.12 

5711 5709.56 
5711.11 5709.56 
5713.59 5709.56 
5981.2 5974.59 

5983.38 5974.59 
5980.91 5974.59 
5982.32 5974.59 
5982.6 5975.86 

5983.331 5975.86 



Groundwater 2000 

Dry or 
Bottom 
Screen 

Elevation (ft.) 

41599 10/11/00 12.37 5934.76) I 5932.23 
5629.25 41691 1/4/00 9.06 5636.82 

41691 2/1/001 8.35 5637.53 5629.25 
41691 ; 3/1/00i 9.05 5636.83 5629.25 
41691 i 4/7/00 8.1 5637.781 I 5629.25 
41691 5/1/00 8.031 5637.85 5629.25 
41691 6/2/00 9.71 5636.17 5629.25 
41691 7/11/001 9.45 5636.43 5629.25 
41691 8/3/00 1 9.75 5636.13 ! 5629.25 

5629.25 
5629.25 41691 I 11/2/00 10.19' 5635.691 
5629.25 
5926.57 4286 I 1/10/00 24.18 5933.691 

4286 21/00 25.2 5932.67 I I 5926.57 
5926.57 
5926.57 

4286 3/7/00! 27.06 5930.81 1 

i 5/1/00 24.86 5933.01 1 5926.57 
5926.57 

4286 
4286 j 6/5/00 24.84 5933.031 
4286 j 7/14/00 25.52 I 5932.35 I 5926.57 
4286 8/2/00' 25.11 1 5932.761 5926.57 
4286 j 9/7/00 25.151 5932.72 I 5926.57 
4286 I 10/5/00) 24.791 5933.08 5926.57 
4286 I 11/3/001 24.581 5933.29 5926.57 
4286 I 12/4/001 25.381 5932.49 5926.57 
42993 j 4/10/001 10.151 5970.6 5962.05 
42993 7/12/00 11.281 5969.47 5962.05 
42993 10/9/00 10.491 5970.26 5962.05 
43392 1/5/00 30.02 6013.42 601 1.61 
43392 4/3/00! 30.55 6012.89 601 1.61 
43392 711 2/00 j 29.95 6013.49 601 1.61 
43392 10/5/00 29.96 601 3.48 601 1.61 
43593 1 4/13/001 6.74 5973.21 5967 

5967 
5967 

4386 1/3/00 18.57 I 5955.89 Technically Dry i 5956.16 
4386 2/2/00 I Dry 5956.16 

5956.16 
4386 4/3/001 17.131 5957.33 5956.16 
4386 I 5/1/00! 16.941 5957.52 5956.16 

6/5/00] 17.61 I 5956.85 5956.16 4386 
4386 I 7/10/00 1 I Dry 5956.16 
4386 8/1/00 18.1 I 5956.36 j 5956.16 
4386 i 9/8/00 17.641 5956.821 5956.16 

4386 i 11/2/00~ 181 5956.461 I 5956.16 
4386 12/5/00 1 I I Dry 5956.16 

5912.81 4387 4/5/00 1 9.571 5916.841 
4387 1011 0100 I 10.61 1 5915.81 5912.81 
4486 4/5/00 1 6.191 6015.771 5993.68 
4486 10/6/00 6.681 6015.28 5993.68 
45793 411 O/OO 7.141 5945.98 Technically Dry 5946.4 
45793 10/9/00 ! 7.171 5945.95 Technically Dry 5946.4 
46292 j 4/5/00i 53.761 6043.48 6004.8 

Water , 

Level Technically Dry Water 

TOC (ft.) 

Sample 
Location Level from 

Date Elevation (W.L. below 
(ft.1 screen) 

41691 9/6/00 1 9.67 5636.21 ' I 5629.25 
41691 10/5/00/ 91 5636.881 I 

41691 I 12/5/00 8.21 5637.671 I 

I 

4286 4/11/00 26.31 5931.561 

43593 I 7/12/00' 7.231 5972.71 I I 
43593 1 10/9/00 6.24 I 5973.7 I ! 

4386 j 3/1/001 Dry 

-I-- 

I 

4386 10/5/001 17.331 5957.131 I 5956.16 

_ _ _ _ ~ ~ ~ ~  ~ 

Missing Water Level Elevation or Bottom Screen 
Elevation means no Top of Casing Elevatlon available. B-18 

~~ ~~ 

01-RF-02107 

2000 Water Levels-Appendix 8.116 
onuoi 



Appendix B: Water Level Data 
Groundwater 2000 

01 -RF-02107 

_. __ 

---- 

Missinp Water Level Elevation or Bottom Screen 
Elevation mans no Top of Casino Elevallon available. 

\ 

2000 Water Levels-Appendlx 0.~18 

012uo1 



Appendix B: Water Level Data 
Groundwater 2000 

5287 
5287 
5287 

01-RF-02107 

711 1/00 I 9.9 5959.671 I 5947.6 

9/8/00 j 9.95 5959.62) 5947.6 
8/1/00 I 9.97 5959.61 I 5947.6 

I 

5287 4/7/00 I 9.531 -5960.04 I 
5287 5/1/00! 9.681 5959.891 
5287 i 6m01 

52894 ! 4/12/00 
52894 7/6/00 
52894 I 10/3/00 
52994 1/3/00 

52994 7 i m a  
52994 I 4/12/00 

5947.6 

4.71 5866.05 Technically Dry 5866.18 
Dry 5866.18 

7.981 5862.77 Technically Dry 5866.18 
Dry 5857.94 
Dry 5857.94 
DN 5857 94 

I 
I 

B-20 2000 Waler Levels-Appendix 0.~18 
012401 

Missing Water Level Ehvallon 01 Boltom Screen 
Elevalion means no l o p  of Casino Elevatlon available qQ7 



Appendix B: Water Level Data 
Groundwater 2000 

01-RF-02107 

Missino Water Level Elevation or 00Rom Screen 
Elevation means no l o p  of Casing EIevaIton available 

qN 
B-21 

2000 Water Levels-Appendix 0 . ~ 1 ~  
OI2UO1 



Appendix B: Water Level Data 
Groundwater 2000 

61 099 

Water Dry or 
Bottom 
Screen 

Elevation (ft.) 

Sample Level Technically Dry 
Date Elevation (W.L. below 

Water 
Location Level from 

screen) 
TOC (ft.1 

(ft.) 

1 /4/00 9.92 5991.89 5985.86 

c . .  
6005.81 
6005.81 60693 I 10/5/00 15.55 6008.15' 

60695 i 4/12/00 9.75' 5875.25 5871.1 
60695 I 10/6/00 9.98 5875.02 5871.1 
60699 I 1/10/00 7.12 5979.8 I 5976.85 
60699 i 4/6/00 7.9 5979.02 i 5976.85 
60699 I 7/13/00, 3.85 5983.071 5976.85 
60699 10/10/0Oj 3.99 5982.93 5976.85 
60699 ; 12/6/00 5.67 5981.25 5976.85 

5833.9 

60693 I 4/3/00 14.91 6008.791 I 

-- 
I 

- 

I 5833.9 
60795 1 4/13/00 Dry 
60795 I 10/6/00 Dry 
60799 1 1/10/00 6.92 5986.22 5983.4 
60799 i 4/6/00 7.64 5985.51 I 5983.4 

61099 1 4/7/00 

61099 1 10/9/00 
61099 I 7/11/00 

8.35 5993.46 5985.86 

8.99 5992.82 I 5985.86 
9.5 5992.31 5985.86 

Mirsinp Waler Level Elevation or Bonom Screen 
Elevation m a n s  no Top of Casino Elevatlon available. B-22 

01-RF-02107 

2000 Wafer Levels.ADpendix 0.11s 
9124101 



Appendix B: Water Level Data 
Groundwater 2000 

4 

Location 

01-RF-02107 

Water Dry or 

Elevation (W.L. below 
(ft.) screen) 

Bottom 
Screen 

Elevation (ft.) 

Sample Water Level Technically Dry 
Level from 
TOC (ft.) 

Date 

- 

~ 

61695 j 4/11/00 3.36 5984.64 ~ 5973.1 

I 5973.1 

6186 , 4/7/00 I 8.86 5991.74 1 5987.47 

61695 j 10/2/00 6.52 5981.48 
6186 1/3/00 10.45 5990.15 j 5987.47 

5987.47 
5987.47 

61 86 
6186 

0.71 6063.4, 6058.23 
62393 : 10/10/00/ 1.7; 6062.4/ ! 6058.23 

6039.18 
62593 2/3/00 4.93 6042.871 6039.18 
62593 3/2/00 4.48 6043.321 6039.18 . 
62593 4/3/00 2.82 6044.981 6039.18 
62593 5/3/00 8.57 6039.23 I 6039.1 8 

62393 4/3/00 0.1 6064 I 6058.23 
-- ____ 

I 
I 62593 ! 1/5/00 1 4.24 6043.561 ! 

6486 

Miasing Water Level Elevation or Bottom Screen 
Elevation means no Top 01 Casing Elevation available. 

5/2/00 I 7.11 5833.941 5830.06 

B-23 

6486 j 6/2/001 7.76 
6486 I 7/1o/ool 9.79 

2000 Water Levels-Appendix B.xls 
*24/01 

5833.291 I 5830.06 
5831.261 5830.06 



Appendix B: Water Level Data 
Groundwater 2000 

Dry or 
Bottom 

Sample Level Technically Dry Location Level from Screen 
Elevation (ft.) 

Water 
Water 

TOC (ft.) 
Elevation (W.L. below 

(ft.) screen) 
Date 

: 

i 2/1/00! 4.68 I 5689.52 5686.07 
I 3/1/00/ 4.78 1 5689.42 i 5686.07 
I 4/10/001 4.88 I 5689.32 1 5686.07 

6686 1 5/1/001 A 98 I S689.22 1 5686.07 
6/2/00 I 5686.07 
7/10/00 5686.07 

6686 8/3/00 5686.23 5686.07 
6686 9/6/00 5686.07 
6686 10/4/00 5686.07 
6686 * I  11/2/00 5686.07 

170299 ' 10/3/00/ 20.071 5877.111 I 5861.081 

01-RF-02107 

Misinp Water Level Elevation or 00nom S c m n  
Elevation m a n s  no Top of Carinp Elevation available. B-24 2wO Water Levals-Appendix B.xI5 

Bnuol 



~ MissinQ Waler Level Elevalion or Bono 

Water Dry or 

Elevation (W.L. below 
(ft.1 screen) 

Bottom 
Screen 

Elevation (ft.) 

5861.08 
5861.08 

Sample Water Level Technically Dry 
Location Level from 

Date 
TOC (ft.) 

70299 ! 11/1/00 21.481 5875.7 I 
70299 / 12/4/00 19.881 5877.31 I 
- 70393 1 1/3/00, 13.281 - 5986.82! 5975.1 

9.441 5990.66 5975.1 
- - -.. . -. . . 

5975.1 
5975.1 

5954 
5954 

70393 / 4/12/00/ 
70393 1 7/6/00! 1 1.92 1 5988.18 
70393 ~ 10/2/00! 13.751 5986.35 

70493 411 2/00 i 11.77! 5988.23 

-__-, 
-. 

-__--_.___ 
--L.. - ~ _ _ -  70493 I i/3/ooi 

Elevalion m a 1 5  no Top of Casinp Elm 

~ 4f 

70493 ~ 10/2/001 12.931 5987.071 
70693 I 4/12/001 i3.64i 5979.06 
70693 ~ 10/2/001 18.481 5974.22 

Appendix B: Water Level Data 
Groundwater 2000 

5954 
. 5962.8 

5962.8 

01-RF-02107 

7086 1/5/00( 3.431 5935.96 
7086 4/3/00 1 2.751 5936.64 

5929.79 
' I  5929.79 

77392 10/2/001 10.161 5955.34 Technically dry I 5955.6 
90099 i/5/001 16.631 ~ m . 1 9  5836.45 
90099 4/4/001 16.7 1 5839.12 I 5836.45 
90099 ; 7/10/00/ 17.141 5838.68 ! 5836.45 
90099 ; 10/4/001 17.371 5838.45 i 5836.45 

_i- . . 

.B-25 rn Screen 
lation available. 

2000 Waler Levals-Appendix 0.xls 
en4/01 



Missing Water Lave1 
Elavalion mans no 

Dry or 
Bottom 
Screen 

Elevation (ft.) 

Water 
Level Technically Dry 

Water 

TOC (ft.) 

Sample 
Location Level from 

Date Elevation (W.L. below 
(ft.) screen) , 

Elevation 01 

l o p  of Casir 

90199 4/4/00 

Appendix 6 :  Water Level Data 
Groundwater 2000 

I Dry I 5820.72 

01-RF-02107 

90199 I 7/14/00j I Dry 
901 99 1 10/4/001 I I Dry 
90299 - I 1/5/00; 15.731 5809.49) 

5820.72 
5820.72 
5804.93 

90299 j 7/10/001 16.74 
90299 10/4/00! 18.42 
90399 1/5/00 17.23 
90399 4/4/00 13.03 
90399 7/10/00 17.4 
90399 1 10/4/00 16.28 
95099 1/3/00 13.7 

95099 I 3/1/001 13.86i 
95099 i 4/13/00! 19.371 

95099 6/1/00! 20.931 5842.39 5842.32 
95099 I 7/10/00/ 15.61 I 5847.71 5842.32 

-7 
95099 , 5/2/ooj 16.041 SW/ .Z t l  3WL.JL 

I 

5804.93 
5804.93 5806.81 

5823.4 5819.53 
5827.6 5819.53 

5823.23 5819.53 
5824.35 5819.53 
5849.62 5842.32 

5808.481 I 

95099 
195099 5842.32 5842.321 

2/2/00/ 13.681 5849.64. I 
2/15/001 13.671 5849.65! 

95099 I 8/1/00 20.97 
95099 9/5/00 15.8 
95099 10/3/00 14.07 
95099 11/1/00 21.55 
95099 I 12/4/001 17.02 

95299 8/1/00 5891.85 
95299 9/5/00 5891.85 

5891.85 
95299 11/1/00 5891.85 

5965.83 
95299 1 12/4/00 I Dry 5891.85 

5842.351 I 5842.32 
5847.521 5842.32 
5849.25 5842.32 
5841.77 Technically dry 5842.32 
5846.3 5842.32 

' 00nom Scnen 
ig Elevatlon available. 

951 99 

B-26 

1/3/00 I 9.821 5872.08 5859.9 

2oW Water Lavals-Appendix 0.xIs 
gnu01 

951 99 2/2/00 1 10.141 5871.76 
95199 2/15/00; 10.271 5871.63' 

5859.9 
I 5859.9 

-- 95199 
951 99 
951 99 
951 99 
951 99 

I 4/12/001 10.54' 5871.361 I 5859.9 
5/2/00 10.41 5871.49 I 5859.9 
6/1/00; 13.76 5868.14 5859.9 

5859.9 
5859.9 

7/10/001 11.781 5870.12 I 
8/1/00 14.02 5867.88 I 

95199 ! 9/5/00 11.88 5870.02 
951 99 1 10/3/00 11.62 5870.28 
95199 j 11/1/00 18.77 5863.13 
95199 I 12/4/001 11.171 5870.73 

5859.9 
5859.9 

I 5859.9 

I 

I 5859.9 

I 

95299 I 2 / 1 3  
95299 , 3/1/00 
95299 1 4/13/00 
95299 5/2/00 I 
95299 1 6/6/00 

95299 1- 2/2/00 I 
- - _  _ _  

I 

5891.85 
Dry 5891.85 

(Dry 5891.85 
I Dry 5891 3 5  

5891.85 
5891.85 

I Dry 
____ 

Dry I 
Dry 

95299 I 7tio100 I DN I 5891.85 



Water Dry or 

Elevation (W.L. below 
(ft.) screen) 

Bottom 
Screen 

Elevation (ft.) 

8102289 ! 10/4/00! 2.82 I 5977.241 5965.83 
8102389 i 4/10/001 5.521 5935.661 5928.6 
8102389 : 10/4/00i 7.131 5934.051 5928.6 

I 6010.82 
I 6010.82 

8110889 4/5/00[ 36.143 6041.63! 
35.81 6041.96; 

6016.69 
8110889 i 10/5/00 

46.9 6037.46/ 
6016.69 

8110989 i 1/4/00 

601 6.69 
6016.69 

8110989 2/1/00 
B110989 I 3/2/00 
8110989 4/5/00 48.18 6036.18) 
8110989 I 5/4/00 47.89 6036.47 6016.69 
8110989 I 6/2/00, 47.95 6036.41 6016.69 
8110989 I 7/5/00! 47.771 6036.59 6016.69 
8110989 8/2/001 47.76 6036.6 6016.69 
8110989 I 9/6/00 47.86 6036.5 I 6016.69 
8110989 1 10/5/00 48.07 6036.29 I 6016.69 
8110989 1 11/2/00 48.08 6036.28 
8110989 ! 12/1/00 46.68 6037.68 1 6016.69 
8111189 j 1/4/00 56.451 6051.07 6033.1 2 
8111189 j 2/1/00 56.75 6050.77 6033.12 
8111189 I 3/1/00 56.71 6050.81 6033.12 
8111189 I 4/5/00 56.83 6050.69 6033.12 
8111189 I . 5/4/00 57.09 6050.43 6033.12 

Sample Water Level Technically Dry 
Location Level from 

Date 
TOC (ft.) 

- ... . - .. .- 

___ ~ 

-- 

:E-.%+--- _____ 

I 6016.69 

Missinp Water Level Elevation or Bonom Screen 
Elevation means no TOP 01 Casinp Elevation available. 

01-RF-02107 

B-27 Zoo0 Water Levels-Appendix 0 . ~ 1 s  
9124101 



Appendix B: Water Level Data 
Groundwater 2000 

Water Dry or 

Elevation (W.L. below 

Bottom 
Screen 

Elevation ( f t . )  
(ft.)  

8208289 I 7/6/00 Dry 1 5835.28 
8208289 I 10/3/00 17.72 5835.231Technically dry I 5835.28 
8208689 i 4/12/00 14.61 I 5854.991 5845.8 
8208689 j 7/6/ooi 15.371 5854.231 ! 5845.8 
B208689 1 10/3/001 8.11 5861.51 5845.8 

8208789 4/12/001 3.01 5906.02 ! 5896.17 
8208789 7/6/00] 12.57 5896.46 5896.17 
8208789 1 o13/00 j 7.19 5901.84 5896.17 
8302889 11/28/001 12.95 5720.21 Technically dry ! 5720.28 
8304789 j 4/4/001 24.83 5844.73 5830.23 
8304789 1 7/5/00' 24.76, 5844.81 5830.23 
8304789 I 10/4/00 24.81 5844.761 I 5830.23 

5706.46 
5706.46 8.821 5723.74; . 
6072.6 8400189 1 5/5/001 25.3 6098.851 

8400189 I 11/21/00/ 28.52 6095.631 I 6072.6 
6073 
6073 

8400389 I 3/2/00/ 25.67 6098.33 6073 
8400389 I 4/3/001 24.89 6099.111 6073 
8400389 5/2/00 22.86 6101.14 I 6073 
8400389 . 6/2/00 23.261 6100.74 ! 6073 
8400389 7/5/00 24.361 6099.64 6073 
8400389 8/1/00 24.261 6099.74 . 6073 
8400389 , 9/5/00 23.62 6100.38, 6073 
8400389 10/4/00 24.57 6099.431 6073 

6073 
I 6073 8400389 I 12/5/00/ 26.83 6097.17' 

8402689 1/4/00 4.53 6042.54 6042.1 2 
8402689 -2/1/00 4.59 6042.48 6042.12 
8402689 I 3/2/00 4.48 6042.59 6042.12 
8402689 1 4/3/00 3.3 6043.77 6042.12 
8402689 1 5/2/00l 3.84 6043.23 1 6042.12 

8402689 1 1/20/00 4.85 6042.22 6042.12 
8405489 11/21/00 22.54' 6095.13 6067.33 
8405889 4/3/00 9.88 ' 6016.99. 5979.4 

Sample Water Level Technically Dry Location Level from 

screen) 
Date TOC (ft.)  

8208789 1 1/3/001 4.09j 5904.941 I 5896.17 

8304889 4/10/00 7.59; 5724.971 I 5706.46 
____ 8304889 I 7/11/00) 7.95) 5724.61 1 I 
8304889 I 10/4/00j 

8400389 --r 1/4/001 23.87, 6100.13 7 
8400389 1 2/1/001 25 6099 1 

8400389 I ll/l/OOl 25.5 6098.51 I 

8402689 5/5/00 i 3.98 6043.09 6042.12 

_- 

01-RF-02107 

841 0589 
841 0589 
8410589 

I 8/2/00 53.561 6060.24 I 6051.76 
9/5/00 53.561 6060.24 6051.76 

10/5/00 53.83; 6059.97 6051.76 



e Location 

Appendix B: Water Level Data 
Groundwater 2000 

Dry or 
Bottom 
Screen 

Elevation (ft.) 

Water 
Sample Water Level Technically Dry 

Elevation (W.L. below Level from 
Date 

screen) TOC (ft.1 (ft.) 

01-RF-02107 

8411289 -1 2/1/00' 61.131 6066.17 
841 1289 311 100 61.15 6066.15 
841 1289 4/5/00 61 3 3  6065.97 
8411289 5/4/00 61.55 6065.75 
8411289 6/2/00 61.95 6065.351 
841 1289 7/5/00 61.86 6065.44 
841 1289 8/2/00 61.96 6065.34 
8411289 9/6/00 61.93 6065.37 

6057.01 
6057.01 
6057.01 
6057.01 
6057.01 

j 6057.01 
6057.01 
6057.01 

I 

P115089 I 6/5/001 14.731 6025.37 5997.4 
P115089 ~ 7/10/001 15.351 6024.75 5997.4 
P115089 8/1/00 15.32 i 6024.78 5997.4 
P115089 9/8/00 15.68 I 6024.42, 5997.4 
P115089 1011 0100 15.65 6024.451 I 5997.4 
P115089 1 1/2/00 16.31 6023.791 i 5997.4 
P115089 12/5/00 17.36 6022.741 I 5997.4 

2000 Water Levels-Appendix B.rls 
, 9/24/01 B-29 Missing Walar Level Eievatlon or Bottom Screen 

Elevation means no l o p  01 Casing Elevation avallable. 



Appendix B: Water Level Data 
Groundwater 2000 

Location 

01 - RF-02107 

Dry or 
Bottom 
Screen 

Elevation (ft.) 

Water 
Sample Water Level Technically Dry 

Level from 
TOC (ft.) 

Elevation -(W.L. below 
(ft.) screen) 

Date 

Missins Water Level Ele, 
Elevation mans no Top 

wation or e 
01 Casing B-30 lonorn Screen 

Elevatlon available. 
2000 Water Levels ldix 

0 
B.nIs 

12UOl 



Appendix B: Water Level Data 
Groundwater 2000 

Bottom 
Water Dry or 
Level Technically Dry Screen 

Elevation (W.L. below Elevation (n.) 
TOC (ft4 In.) screen) 

Water 
Level from 

Sample 
Date 

Location 

01- RF-02107 

, 

Misrlnp Wafer Level Elevalion or Bonom Screen 
Elevation m a n s  no Top of Casing Elevation available. B-3 1 

2000 Wafer Levels-Appendix 8.~16 
enu01 



Missing 
Elewatio 

Water Level Elevation or sonc 
In m a n s  no TOP of Casing Ele3 

Appendix 6: Water Level Data 
Groundwater 2000 

B-32 im Screen 
ration available. 

01-RF-02107 

2wO Water Levels-Appendix 0 . ~ 1 ~  
OR4101 



Bottom 
Screen 

Elevation (ft.) 

P416889 ' 1/3/00) 18.61 6000.191 5997.13 
P4 1 6889 2/2/00 1 I 1 ~ r y  to top pump 5997.13 

5997.13 
~416889 , 4/4/00! 16.241 6002.551 5997.1 3 

P416889 j 6/5/001 17.981 6000.81 1 5997.13 
P416889 I 7/11/00/ 18.28 6000.511 i 5997.13 
P416889 I 8/1/00 17.98 6000.81 I 5997.1 3 
P416889 9/8/00 17.98 6000.81 j 5997.13 
P416889 1015100 17.72 6001.07 1 i 5997.13 
P416889 11/2/00 18.25 6000.54 5997.13 
P416889 , 12/5/00 18.68 6000.11 5997.1 3 
P416989 1 ,  4/4/00 38.27 6009.28 5889.59 
P416989 lO/lO/OO' 38.33 6009.22 5889.59 . 
P419689 1/4/00 20.12 6003.3 5998.9 
P419689 ! 4/5/00 17.14 6006.28 5998.9 
P419689 7/11/00 19.62 6003.8 5998.9 
P419689 i 10/6/001 18.78 6004.64: I 5998.9 

Water Dry or 

Elevation (W.L. below 
(ft.) screen) 

Sample Water Level Technically Dry 
Location Level from 

Date TOC (ft.) 

1 Dry to top pump - P416889 I 3/1/001 ! 

P416889 17.39) 6001.4( I 5997.13 

._____--. 

.~ 

Appendix E: Water Level Data 
Groundwater 2000 

01-RF-02107 

I Mlsslnp Waler Level Elevation or Bonom Screen B-33 2000 Water Levele-Appendix B.xIs 
012UOl 

I 1 
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591 0 

~ Y3& , H G - M e - w i b  0487 9/26/01 
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Hydrograph 05091 

5906 

5904 

5902 

5900 

5896 

5894 

5892 

5890 

0 

Top of Bedrock (R): 5894.1 
a 

Top of Screen (ft): 5903.6 

a 

0 
0 

Bottom of Screen (fl): 5893.6 

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 

Measurement Date 

~~~ H G - M e - W j b  05091 9/26/01 
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HG.Mester S05.~1r 10592 1115101 w/ 
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Hydrograph 11494 
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Hydrograph 11891 
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Measurement Date 

(/ ~, f) HG-M@ 11 891 9/24/01 
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HG-Ma r SO6 12191 9/25/01 q5b 6 
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Y5/ HG-Master So6 12691 9/25/01 
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STATE PLANE COORDINATES AREA: GRND ELEV. (FT): 5977.88 CASING DIA (IN): LOG OF BORING NUMBER: 

001 00 NORTH:750667.64 TOTAL DEPTH (FT): 31.70 BH DIA. (IN): 

PROJECT: RFETS Geological Db 
REMARKS: 

EAST: 2084438.5 COMPLETION DATE: 8/23/00 GRID LOCATOR: 
GEOLOGIST: John Boylan w/B.Walsh,P.Graham,E.Francis 

Unified Soils - Well or = 
5 Piezometer 5 Classification - P--struction n 
W Lithology or Rock Type Litholoic Description 1 and Materials 

CI 
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- 7  

'roledive 
:asing. Sch 
0-PVC. 2 
1. ID. 

ieal. 
;ranular 
lenlonile 

:asinp. Sch 
0-PVC. 
.75 in. ID. 

'iiler Pack. 
6-40 silica 
and + 
ome cave- 
1 

lorehole 
)ia. 2 in. 

iueen. Sch 
IO-PVC. 
1.75 in. ID.. 
1.010 in. 
ll0lS 

NO RECOVERY: 0.0-1.4 - No Recovery. Hand dug for flush mount 
installation. 

SM: 1.4-2.3 - Gravelly SAND with silt to clayey GRAVEL. Very dark 
grayish brown to dark brown (10 YR 3/2-3/3) from 1.4' to 1.7', SM. 
From 1.7' to 2.3' very dark gray (IO YR 3/1), GC. Contains fibrous 
material (fudhairs) in GC. Slightly moist. 

GC: 1.7-2.3 - See GC description above. 
I 

CL: 2.3-3.5 - CLAY with traces of sand and gravel. Dark reddish 
brown (2.5 YR 3/4) to dark reddish brown (5 YR 313) scattered 
angular gravel with occasional roots, trace sand and silt, slightly 
moist. 

GC: 3.5-5.0 - Clayey GRAVEL to sandy-clayey GRAVEL. Dark 
reddish brown (2.5 YR 314 to 5 YR 313) to yellowish brown (IO YR 
5/4). Color grades from former to latter wldepth. Caliche. inclusions 
inc. with color changes as does sand content. Cobbles (1 .O" to 1.25" 
dia.) at 4.15'-4.40', quartzite. 

GC-GM: 5.0-5.9 - CLAYEY GRAVELS to silty-SANDY GRAVELS 
with some rock flour, extrememly mottled; dominant clay color is 
green (5 YR 4/3) olive. Slightly moist to dry (fractured gravels are 
dry). Gravels (quartzite) > 1". Rotted gravels common. Occasional 
caliche flecks in pockets. 

NO RECOVERY: 5.9-7.0 - No Recovery. 

GC-GM: 7.0-8.0 - CLAYEY GRAVELS to silty, SANDY GRAVELS. 
Same as above (5.0'-5.9') with more sand from 7.6' to 8.0'. 
Dominant color of sand is strong brown (7.5 YR 4/6): to SC (sand 
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clay mixtures) in this interval. Trace caliche stringers and trace to 
some mottled caliche. 

GM: 8.0-8.8 - Silty, sandy GRAVEL to GRAVEL (with trace silt), 1" to 
1.5" diameter quartzite. Strong brown (7.5 YR 4/6) grading light 
brownish gray (10 YR 6/2) at bottom of interval. 

NO RECOVERY: 8.8-9.0 - No Recovery 

GC-GM: 9.0-10.5 - CLAYEY GRAVELS to silty, SANDY GRAVELS. 
Same as above (5.0'-8.8') with decreasing clay below 9.7'. Slightly 
moist to moist. 9.4' to 9.7' - caliche mottled. Quartzite cobbles (1.5" 
dia.) at 4.7' to 10.1'. Angular quartzite cobbles (1.2" dia.) from 10.2' 
to 10.5';reddish brown (2.5 YR 4/4). 

CLAYSTONE: 10.5-12.0 - CLAYSTONE to SILTY CLAYSTONE with 
trace very fine grained sand. Color is olive gray (5 Y 6/2) to yellowish 
brown (10 YR 516). Claystone grading to SILTY CLAYSTONE at 
11.5'. Fe-staining. Caliche clasts at 11 .l', carbonaceous/MnO flecks 
occasional, silty lenses, no bedding observed, slightly moist, mottled 
coloring. TOP OF BEDROCK at 1 0 3 ,  ABRUPT CONTACT. 

SILTY CLAYSTONE: 11 512 .0  - SILTY CLAYSTONE, see 
description above (10.5'-12.0'). 

CLAYSTONE: 12.0-15.0 - CLAYSTONE with silt to clayey siltstone 
with sand. Color is yellowish brown (10 Y 5/6). Also gray (2.5 Y 6/1) 
where fresh. Caliche layer at 14.7'. Slightly moist, scattered 
carbonaceous/MnO most notably at 13.3'. Sandy intervals at 12.8' to 
13 .1' and 14.2'. (Latter is a discreet lamina approx. 0.5" thick. 
Orientation is approximately 45 deg to the horizontal.) Trace sand is 
also noted elsewhere throughout column, but above-listed depths 
are where trace sand is most prevalent. 

CLAYSTONE: 15.0-17.0 - CLAYSTONE with silt to clayey siltstone, 
same as above (12.0'-15.0') with sandy lens from 16.8' to 17.0'. 
Slightly moist to moist at bottom. Color is (2.5 Y 6/1) gray to (2.5 YR 
5/4) light olive brown. 

SILTY CLAYSTONE: 17.0-18.0 - SILTY CLAYSTONE to clayey 
siltstone to clayey-sandy siltstone. Moist to saturated (especially 
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towards bottom of run). Slightly coarser than 10.5' to 17.0' with pure 
clay rare. 

CLAYSTONE: 18.0-21.0 - CLAYSTONE same as above (10.5'- 
18.0'), fining to silty claystone at bottom of core run. 

NO RECOVERY: 21 .O-22.0 - No Recovery. 

CLAYEY SILTSTONE: 22.0-23.3 - CLAYEY SILTSTONE, gray 
(GLEY 1 5/N),. un-weathered, argillaceous cement, occasionally 
grading to very-fine grained sandstone, some silty clay layers, 
slightly moist to moist. 

CLAYEY SANDSTONE: 23.3-26.5 - Silty-CLAYEY SANDSTONE, 
yellowish brown (10 YR 5/6), pervasive Fe-staining, trace mottled to 
streaked light gray to white, very fine grained, subangular to 
subrounded, well sorted, 40-60% silty-clayey matrix, slightly moist to 
moist, occasional thin siltstone and claystone layers. L 

CLAYSTONE: 26.5-29.1 -'CLAYSTONE, grayish brown (IO YR 5/2), 
occasionally mottled with yellow brown (IO YR 516) Fe-stain. Trace 
thin horizontal streaks and inclusions of black carbonaceous 
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material. Some slightly silty, slightly moist. 

SILTY CLAYSTONE: 29.1-30.0 - SILTY CLAYSTONE, yellowish 
brown (10 YR 5/4), occasional blending to grayish brown ( I O  YR 
9 2 ) .  Slightly moist. 

SILTY CLAYSTONE: 30.0-30.8 - SILTY CLAYSTONE, as above 
(29.1'-30.0'). 

NO RECOVERY: 30.8-31.7 - No Recovery. NOTE; 2 in. dia. 
stainless Geoprobe expendable cutting shoe at bottom of hole. 
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NO RECOVERY: 0.0-1.2 - No Recovery, flush mount installation. 

SW: 1.2-3.5 - Gravelly SAND, grayish brown (10 YR 512). 
Predominantly medium to coarse grained. Occasionally fine to very 
fine grained. Well graded. Subangular, som e subround. Gravel, 10- 
20%, quartzite and granitic, subround. Loose unconsolidated grains. 
Good interparticle porosity. Moist. Very minor siltlclay intergranular 
fill. 

CL: 3.5-3.7 - Sandy CLAY, see description at 5.0'-5.3'. 

NO RECOVERY: 3.7-5.0 - No Recovery. 

CL: 5.0-5.3 - Sandy CLAY, reddish brown (5 YR 5/4), soft-firm, gritty 
texture. 10-20% sand-silt. Slightly moist. 

SC: 5.3-5.9 - Clayey SAND, yellowish red (5 YR 5l6). Predominantly 
fine grained, some very fine and medium grained, subangular- 
subround. Moderately graded. Some intergranular clay and sand. 
Looselunconsolidated. Slightly moist. 

CL: 5.9-7.1 - CLAY, dark red (2.5 YR 3/6). Firm to crumbly. Rough to 
smooth texture. Slightly to moderately sandy. Slightly moist. Trace 
quartzite gravel to 1 .O'. 

i 

SILTSTONE: 7.1-7.7 - Clayey-sandy SILTSTONE, see description 
below (9.0'-12.2). 
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SM-GM: 7.7-9.0 - No Recovery. 

SILTSTONE: 9.0-12.2 - Clayey-sandy SILTSTONE, pale brown (10 
YR 6/3) to yellowish brown (IO YR 5/8), occasionally mottled light 
gray (10 YR 711). Some clayey and sandy zones. Sandy zones are 
loose and crumbly. Occasional thin san laminations. Zones are 
smooth textured. Slightly moist. 9.0'-10.0' some grading to very fine 
grained sandstone. 

CLAYSTONE: 12.2-12.6 - CLAYSTONE, yellowish brown (IO YR 5/6) 
to grayish brown (IO YR 32). Firm. Tight-dense. Slightly silty. 
Slightly moist. 

~~~ 

NO RECOVERY: 12.6-1 3.0 - No Recovery. 
I 

SILTSTONE: 13.0-13.5 - SILTSTONE, gray (IO YR 31). Firm. Clayey. 
Occasional black carbonaceous inclusions. Slightly moist. 

CLAYSTONE: 13.5-16.5 - CLAYSTONE, yellowish brown (IO YR 516) 
to light olive brown (2.5 Y 5/3). Firm to very firm. Dense. Tight. 
Occasional thin sandy-silty zones. Slightly moist. Sandy drapes may 
be rip-up clasts.' 

CLAYSTONE: 16.5-17.2 - CLAYSTONE, gray (2.5 Y 5/1). Very firm. 
Dense. Tight. Smooth texture. Not weathered. Slightly moist. 
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SILTSTONE: 17.2-17.7 - SILTSTONE, reddish yellow (7.5 YR 6/8). 
Occasional light gray streaks/laminations. Fe-stained. Slightly moist. 

CLAYSTONE: 17.7-20.0 - CLAYSTONE, yellowish brown (IO YR 516) 
to grayish brown (2.5 Y 5/2). Very firm. Dense.Tight. Smooth texture. 
Light gray thin sandy laminations at 18.5' and 19.5'. Occasionally 
slightly silty. Slightly moist. 
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NO RECOVERY: 0.0-1.2 - No Recovery, flush mount installation. 

CL: 1.2-2.0 - Sandy CLAY, brown (7.5 YR 5/3). Slightly firm. 20% fine 
to coarse sand. A few pebbles up to 1.5'. Moist. Gritty texture. 

CLAYSTONE: 2.0-5.6 - CLAYSTONE, olive brown (2.5 Y 4/3) to light 
olive brown (2.5 Y 5/4) to gray (5 Y 31 )  in decending order. 
Occasional white caliche inclusions. Slightly moist to moist. Trace 
black carbonaceous inclusions. Abrupt color change occurs at about 
3.5'. TOP BEDROCK AT 2.0', SHARP CONTACT. 

CALICHE: 5.6-5.8 - CALICHE, white (2.5 Y 8/1), crumbly and 
granular. Some light brownish gray (2.5 Y 612). Limey inclusions. 
Slightly moist. 

IRONSTONE: 5.8-7.0 - IRONSTONE, strong brown (7.5 YR 4/6), 
occasionally very dark gray (7.5 YR 3/1) to reddish yellow (7.5 YR 
6/8). Firm. Broken fragments. Angular curved fragments. Fe-stain. 
Dry. 

CLAYSTONE: 7.0-10.0 - CLAYSTONE, strong brown (7.5 YR 5/6) 
from 7.0' to 7.8', light olive brown (2.5 Y 513) from 7.8' to 10.0'. Firm. 
Dense. Tight. Smooth-waxy texture. Some black streaks 
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CLAYSTONE: 10.0-14.7 - CLAYSTONE, grayish brown (10 YR 5/2). 
Mottled brownish yellow (10 YR 6/8) from 12.5' to 13.5'. Firm to very 
firm. Dense. Tight. Smooth-waxy texture. Some black carbonaceous 
inclusions/streaks/laminations. Slightly moist. Predominantly 
unweathered. Horizontal fracture at 14.1'. Fracture is dry and lined 
with dark reddish brown (5 YR 314) oxidized material. Color changes 
at about 13.0' and 14.3'. 

CLAYSTONE: 14.7-17.0 - CLAYSTONE, yellowish brown (10 YR 36). 
Firm to very firm. Dense. Tight. Smooth-waxy texture. Some with 
rough texture. Trace gray mottling streaks. Slightly moist. 

CLAYSTONE: 17.0-17.9 - CLAYSTONE, light brownish gray (10 YR 
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6/2). Firm to slightly crumbly. Rough texture. Trace yellowish brown 
mottling. Slightly moist. Color change at about 17.3'. 

CLAYSTONE: 17.9-18.8 - CLAYSTONE, brownish yellow (10 YR 616). 

Slightly moist. Color change at about 18.0'. 
Firm to very firm. Dense. Tight. Smooth to rough texture. Weathered. 

CLAYSTONE: 18.8-20.3 - CLAYSTONE, gray (10 YR 5/1). Firm. 
Crumbly. Dense and tight. Slightly moist to dry. Non-weathered. Color 
change at about 19.1'. 
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NO RECOVERY: 0.0-1.5 - No Recovery, flush mount installation. 

~ 

CL: 1.5-2.5 - Silty CLAY, fill material, very dark grayish brown (2.5 Y 
3/2), moist, minor sand and gravel. 

CL: 2.5-4.0 - Gravelly CLAY, dark yellowish brown (10 YR 4/6), some 
yellowish red near top. Some quartzite gravel to 1 .O" diameter, very 
slightly sandy to silty. Very pale brown (10 YR 8/3) caliche near 
base, slightly moist. 

NO RECOVERY: 4.0-5.5 - No Recovery. 

CL: 5.5-6.7 - Sandy-gravelly CLAY to clayey SAND, dark yellowish 
brown (10 YR 4/6)-strong brown (7.5 YR 4/6)-light greenish gray 
(GLEY1 711) in decending order. Some scattered thin bedded caliche, 
occasional black carbonaceous inclusions, slightly moist. 

SC: See description above, mixed lithology interval. 

GM: 6.7-8.0 - Sandy-silty GRAVEL, varicolored olive (5 Y 514) to 
yellowish brown (10 YR 5/8). Quartzite gravel to 1.5" diameter in a 
well graded silt-sand matrix. Some clayey matrix, slightly moist. 
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CLAYSTONE: 8.0-9.5 - CLAYSTONE, greenish gray (GLEY2 611) 
mottled yellowish brown (10 YR 98).  Some light gray caliche at top 
and some scattered throughout. Occasionally slightly silty. Tight and 
dense, slightly moist. TOP BEDROCK AT 8.0". 

NO RECOVERY: 9.5-10.0 - No Recovery (core over driven 0.5'). 

CLAYSTONE: 10.0-12.1 - CLAYSTONE, as above (8.7'-10.0'), 
occasional silty zones, slightly moist to moist. 

SILTSTONE: 12.8-13.5 - SILTSTONE, strong brown (7.5 YR 4/6), 
weathered/oxidized, some clayey matrix although very friable. An iron 
nodule observed. Slightly moist. 

SILTY SANDSTONE: 12.1-12.8 - SILTY SANDSTONE, yellowish 
brown (IO YR 5/6), occasionally mottled light gray, very fine- 
occasionally fine grained, subangular, moderately sorted, weathered, 
some silty matrix, slightly moist to moist. 

I 

SILTSTONE: 13.5-14.4 - SILTSTONE, as above, increase in clayey 
matrix, sharp color change at contact with underlying material. 

CLAYSTONE: 14.4-15.5 - CLAYSTONE, gray (GLEY1 61 ), 
occasionally mottled reddish yellow (7.5 YR 6/6), slightly 
weathered/oxidized. Tight, dense, thin white caliche lense, slightly 
moist. 

CLAYSTONE: 15.5-18.5 - CLAYSTONE, yellowish brown (IO YR 5/4), 
occasionally mottled gray (GLEY1 6/ ), tight, dense, slightly moist. 
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SILTY CLAYSTONE: 18.5-19.0 - SILTY CLAYSTONE, light gray (2.5 
Y'7/1) to light yellowish brown (2.5 Y 6/3), crumbly, grading to clayey 
siltstone, slightly moist. 

CLAYEY SILTSTONE: 19.0-19.6 - CLAYEY SILTSTONE, light gray 
(2.5 Y 7/1), friable, moderate clayey matrix, slightly moist, non- 
weathered. 

SILTY CLAYSTONE: 19.6-20.0 - SILTY CLAYSTONE, light yellowish 
brown, slightly moist. 
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NO RECOVERY: 0.0-1.2 - No Recovery, flush mount installation, 
asphalt and artificial fill. 

CL: 1.2-4.0 - Gravelly CLAY, reddish brown (5 YR 413) occasionally 
mottled dark greenish gray (GLEY 24/10G), slightly sandy to silty. 
10% gravel, predominantly subround quartzite. Slightly moist. 

CL: 4.0-4.5 - Sandy-gravelly CLAY, dark greenish gray (GLEY1 4/1), 
10% gravel, 10% sand. Some light gray caliche inclusions to 2mm, 
slightly moist. 

NO RECOVERY: 4.0-4.5 - No Recovery. 

CL: 5.0-5.4 - Sandy-gravelly CLAY, same as above (4.0'-4.5'). 

SM: 5.4-7.9 - SILTY SAND; with some clay and gravel, reddish brown 
(5 YR 5/4) to yellowish red (5 YR 516). Sandy CLAY layer 5.8' to 6.4 
ft, greenish gray. Caliche inclusions. 20% gravel, subangular to 
subround quartzite up to 0.1' (4.). Slightly moist; to clayey sand. 

CL: 5.8-6.4 - SANDY CLAY, see description 5.4'-7.9' above. 

SC: 5.8-6.4 - CLAYEY SAND, see description 5.4'-7.9' above. 

SM: 6.4-7.9 - SILTY SAND, see description 5.4'-7.9' above. 
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GC: 7.9-8.7 - Clayey GRAVEL, dark greenish gray (GLEY1 4/1). 
Slightly silty to sandy clay matrix. Slightly moist, 50-60% broken 
quartzite fragments. 

NO RECOVERY: 8.7-9.4 - No Recovery 

GC: 9.4-10.5 - Clayey GRAVEL as above (7.9'-8.4'). 60-70% broken 
quartzite fragments. Moist matrix. 

GP: 10.5-10.8 - GRAVEL, gray (GLEY1 6/4), angular, (broken) 
quartzite fragments to 0.1' (ft.). Some light gray powder produced by 
coring. 6% silt-sand-clay matrix, slightly moist. NOTE: Coring 
refusal at 10.8', offsets 2' east (#1) and 3' east (#2). 

GC: 10.8-12.8 - Clayey GRAVEL, dark greenish gray (GLeY1 4/1) to 
dark reddish brown (5 YR 3/2). Angular, broken quartzite fragments 
up to 0.10' (ft.) in size. 

NO RECOVERY: 12.8-1 3.0 - No Recovery. 
~~~ ~ 

SAND: 13.0-14.8 - SAND, greenish gray (GLEY1 5/1) to light olive 
brown (2.5 Y 3/2). Poorly graded, fine w/trace of medium grains, 
subrounded w/some subangular. Trace of Fe-staining and silty clay 
layers from 13.7 to 14.0. Slightly moist to moist. Sand is very friable 
w/abundant loose grains. 

CLAYEY SAND: 14.8-15.2 - CLAYEY SAND, light olive brown (2.5 Y 
5/6), trending to silty clay-olive brown (2.5 Y 413). Some Fe-staining 
wlsand lenses. 

SAND: 15.2-16.7 - Silty-clayey SAND, light yellowish brown (2.5 Y 
6/3). Poorly graded, very fine grained with traces of fine grained. Clay 
zones at 15.2' and 16.5. Some Fe-staining throuhout interval. 
Slightly moist. 

NO RECOVERY: 16.7-17.0 - No Recovery. 

SAND: 17.0-18.0 - SAND as above (13.0'-14.8), grades to silty-clayey 
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sand at bottom of interval, yellowish brown (IO YR 518) 

NO RECOVERY: 18.0-1 8.5 - No Recovery. 

CLAYEY SILTSTONE: 18.5-20.2 - CLAYEY SILTSTONE, light 
yellowish brown (2.5 Y 6/3) to brownish yellow (1 0 YR 618). Clay 
zones at 18.6'-18.9, 19.2' and 20.0', olive gray (5 Y 92) the dominant 
color. Some Fe-staining throughout, as well as traces of 
carbonaceous staining in clay zones. Trace to some very fine grained 
sand lenses. Slightly moist. 



STATE PLANE COORDINATES AREA: GRND ELEV. (FT):5984.52 CASING DIA (IN): LOG OF BORING NUMBER: 

00600 NORTH: 750718.71 TOTAL DEPTH (FT): 20.00 BH DIA. (IN): 

PROJECT: Borehole 8 Well 
REMARKS: 

EAST: 2084000.88 COMPLETION DATE: 9/11/00 GRID LOCATOR: 
GEOLOGIST: Brian Wa1shlE.A. Francisco 
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1.010 in. 
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NO RECOVERY: 0.0-1.2 - No Recovery, flush mount installation, 
gravel, sand, silt and clay. 

CL: 1.24.1 - Gravelly-sandy CLAY, dark reddish bown (2.5 YR 3/4) to 
yellowish brown (10 YR 5/4), 10-20% broken quartzite fragments, 
occasional sandy-silty zones; 0.2' (ft.) very dark brown organic soil at 
top, slightly moist. 

SC: 4.1-6.4 - Clayey SAND with gravel, yellowish brown (10 YR 5/6)- 
strong brown (7.5 YR 5/6), fine-coarse grained, well graded, 
subangular, moderate clay-occasional silty matrix. 10% angular 
(broken) quartzite fragments to 0.1' (ft.). Slightly moist. 

CLAYSTONE: 6.4-6.8 - CLAYSTONE, light yellowish brown (2.5 Y 
6/4), occasionally mottled yellowish brown (IO YR 5/8), tight, dense, 
some slightly silty, slightly moist. TOP BEDROCK AT 6.4'. 

SILTSTONE: 6.8-7.5 - SILTSTONE, light yellowish brown (2.5 Y 6/4), 
some mottled yellowish brown ( I O  YR 5/8), slight-moderate clayey 
matrix, slightly moist. 
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SANDSTONE: 7.5-8.3 - SANDSTONE, light yellowish brown (2.5 Y 
6/4), some mottled yellowish brown (1 0 YR 5/8). Very fine-fine 
grained, poorly graded, subangular. Some silty-trace clayey matrix. 
Slightly moist. Trace black carbonaceous inclusions. 

SILTSTONE: 8.3-9.3 - SILTSTONE, yellowish brown (10 YR 5/8)-light 
olive brown (2.5 Y 93). Predominantly weathered, some clayey 
zones. some grading to very fine grained sandstone. Slightly moist. 

SILTY CLAYSTONE: 9.3-9.5 - SILTY CLAYSTONE, pale brown (10 
YR 7/3), slightly moist. 

I 

SILTY SANDSTONE: 9.5-10.0 - SILTY SANDSTONE, very pale brown 
(10 YR 7/3), very fine grained-some grading to silt, poorly graded, 
subangular, occasional intergranular clay, slightly moist. 

NO RECOVERY: 10.0-1 0.5 - No Recovery. 
I 

SILTY SANDSTONE: 10.5-1 1.5 - SILTY SANDSTONE, as above (9.5'- 
10.0'). 

CLAYSTONE: 11 513.0  - Silty-sandy CLAYSTONE, yellowish brown 
(10 YR 5/6), occasionally mottled light gray (10 YR 7/1), some sandy- 
silty zones, weatheredloxidized. Thin sandstone lens at 12.5' (ft.). 
Slightly moist. 

CLAYSTONE: 13.0-13.3 - Silty-sandy CLAYSTONE, as above (1 1.5'- 
13.0'). 

SILTY SANDSTONE: 13.3-14.6 - SILTY SANDSTONE, olive (5 Y 512) 
with some light olive gray (5 Y 6/2) lenses. Occasional mottled 
yellowigh brown Fe-staining. Very fine to fine grained sand, 
moderately sorted, subangular. Predominantly clay cementing, some 
clean zones. Slightly moist to moist. 

SANDSTONE: 14.6-16.0 - SANDSTONE, olive (5 Y 512) to dark 
yellowish brown (Fe-stains, 10 YR 4/6) with some clean zones (light 
gray). Very fine to fine grained, moderately sorted, subangular. Some 
silty to clayey zones. Slightly moist. 

SANDSTONE: 16.0-18.0 - SANDSTONE, gray (5 Y 611) tending to 
dark yellowish brown (10 YR 4/6) from 17.3'-18.0'. Includes clean 
zones. Very fine to fine grained, moderately sorted, subangular. 
Silty/clayey zone at 17.3'. Some Fe-staining throughout interval. 
Slightly moist. 
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40-PVC. 
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SILTY CLAYSTONE: 18.0-1 9.1 - SILTY CLAYSTONE, yellowish 
brown (1 0 YR 38)  to dark yellowish brown (1 0 Y 3/6). With some fine 
to very fine grained sands to 18.3'. Much Fe-staining and Fe-nodules 
throughout to 18.1'. Very moist (core pushed Friday, core extracted 
Monday). 

CLAYSTONE: 19.1-20.0 - CLAYSTONE, olive brown (2.5 YR 412) to 
dark gray (5 Y 4/1). Some Fe-staining at 19.1' changing to 
unweathered by 19.5'. 

e 
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NORTH:750641.54 TOTAL DEPTH (FT): 31.26 BH DIA. (IN): 

PROJECT: Borehole 8 Well 
REMARKS: 

EAST: 2083744.34 COMPLETION DATE: 9/6/00 GRID LOCATOR: 
GEOLOGIST: Brian Walsh 
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NO RECOVERY: 0.0-1.2 - No Recovery, flush mount installation, 0.4' 
asphalt and 0.8' gravelly clay. 

CL: 1.2-5.9 - Gravelly CLAY to clayey SAND (see below), clay with 
silt and sand, yellow (10 YR 7/6)-Iight olive gray (5 Y 6/2), occasional 
zones of broken angular quartzite fragments to 0.15' (ft.), some 
caliche inclusions throughout clay. Red-yellow Fe-staining 4.5'-5.0', 
slightly moist. Clayey SAND, light olive gray (5 Y 612) predominantly 
medium grained, some fine and coarse grained, well graded, 
subangular, clay matrix. 

ML: 5.9-6.7 - Clayey SILT with gravel, yellowish red (5 YR 518) at top, 
light olive gray (5 Y 6/2) at middle and lower, some subround- 
subangular quartzite gravel to 0.075' (ft.), trace caliche inclusions, 
slightly moist. 

SM: 6.7-7.5 - Silty SAND, yellowish red (5 YR 5/6), very fine to fine 
grained, subangular, poorly graded, some silty matrix, slightly moist 
to moist. 
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CL: 7.5-9.7 - Sandy-gravelly CLAY, reddish yellow (7.5 YR 6/6)-light 
brown (7.5 YR 6/3)-yellowish brown (IO YR 5/8), 5-15% sand, 
occasional gravel to 0. l ' ,  trace silt, trace caliche inclusions, slightly 
moist, some granitic pebbles at base. 

CLAYSTONE: 9.7-1 1.9 - Silty CLAYSTONE, greenish gray (GLEY1 
6/1), some mottled yellowish red (5 YR 38 )  with Fe-staining. 
Occasional moderate to very silty zones (some grading to clayey 
SILTSTONE), some black carbonaceous laminations/inclusions-I 1'- 
12', slightly moist. TOP BEDROCK AT 9.7', SHARP UPPER 
CONTACT. 

NO RECOVERY: 11.9-12.0 - No Recovery. 

SILTY CLAYSTONE: 12.0-12.8 - SILTY CLAYSTONE, gray (10 YR 
5/1)-grayish brown (1 0 YR 5/2), occasionally mottled yellowish red, 
slightly to moderately silty, tight, dense, slightly moist. 

SILTSTONE: 12.8-13.3 - SILTSTONE, yellowish brown ( I O  YR 5/6), 
Fe-stained, friable to sticky with clayey matrix, trace mottled light 
gray (GLEY1 7/ ), slightly moist. 

SILTY CLAYSTONE: 13.3-14.1 - SILTY CLAYSTONE, as above 
( 1 2.0'-12.8'). 

SILTY SANDSTONE: 14.1-14.6 - SILTSTONE w/sand to SANDY 
SILTSTONE, brownish yellow (10 YR 6/8), very fine grained, well 
sorted, subangular, clayey cement and minor clayey matrix, 
moderately friable, slightly moist. 

SILTSTONE: 14.6-1 5.5 - SILTSTONE, light greenish gray (GLEY1 
7/1), slight-moderate clay matrix, non-weathered, slightly moist. 

SANDSTONE: 15.5-19.5 - Silty-clayey SANDSTONE, reddish yellow 
(7.5 YR 6/8)-yellowish brown (10 YR 5/4), very fine-fine grained, 
moderate-well sorted, subangular, some clayey matrix, argillaceous 
cement, friable, Fe-stained, moist. Occasional siltstone and silty 
claystone interbeds at 17.5' and 18.5'. 
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SILTY CLAYSTONE: 19.5-22.6 - SILTY CLAYSTONE, brownish 
yellow (10 YR 6/8)-pale brown (10 YR 6/3), some mottled gray (10 YR 
6/1). Predominantly weathered (Fe-stain), some very silty zones. 
Occasional light gray (GLEY1 7/ ) lamination. Slightly moist. Non- 
silty 22.0'-22.6'. 

SILTSTONE: 22.6-24.7 - Sandy SILTSTONE, strong brown (7.5 YR 
5/8), argillaceous matrix and cement, friable, occasionally grading to 
very fine grained sandstone, Fe-stained, slightly moist. Becoming 
gray (7.5 YR 6/1)-light gray (7.5 YR 711) at 24.3'-24.7'. Some thin 
claystone layers. 

NO RECOVERY: 24.7-25.0 - No Recovery. 

CLAYEY SILTSTONE: 25.0-28.0 - CLAYEY SILTSTONE, yellowish 
brown (10 YR 5/8)-light hellowish brown (10 YR 6/4), clayey matrix 
and occasional thin claystone zones. Reddish brown (5 YR 4/4) 
horizontal fracture at 25.7'. Slightly moist, weathered. 
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SILTSTONE: 28.0-28.5 - SILTSTONE, strong brown (7.5 YR 4/6), 
friable-loose, argillaceous cement, Fe-stain, slightly moist. 

CLAYEY SILTSTONE: 28.5-28.8 - CLAYEY SILTSTONE, yellowish 
brown ( I O  YR 5/8)-light brownish gray (2.5 Y 6/2), occasional 
carbonaceous black inclusions, slightly moist. 

CLAYSTONE: 28.8-30.2 - CLAYSTONE, light olive brown (2.5 Y 516)- 
I 

_ _  -- -- - - olive brown (2.5 Y 4/4), some slightly silty, predominantly tight and 
dense, occasional black carbonaceous inclusions, slightly moist. 

CLAYSTONE: 30.2-31.0 - CLAYSTONE, grayish brown (5.2 Y 5/2), 



STATE PLANE COORDINATES AREA: GRND ELEV. (FT): 5978.00 CASING DIA (IN): LOG OF BORING NUMBER: 
NORTH:750490 TOTAL DEPTH (FT): 18.50 BH DIA. (IN): 

PROJECT: RFETS Geological Db 
REMARKS: 

02500 EAST: 2084531 COMPLETION DATE: 8/16/00 GRID LOCATOR: 
GEOLOGIST: J.Boylan, w/B.Walsh,P.Graham,A.Francis 
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5.75 in. ID., 
1.010 in. 
slots 

NO RECOVERY: 0.0-1 .O - No Recovery, flush mount installation, 
hand-dug, noticed several scattered clasts of fiber bearing 
aggregate. 

CL: 1.0-4.0 - CLAY to sandy clay with gravel, dark brown to dark 
yellowish brown (1 0 YR 3/3 to 10 YR 4/6, respectively). Mottled 
coloring. Trace to some gravel, ~0.5" to >1". Slightly moist. 
Scattered flecks of caliche. Occasional FE-staining. No observable 
bedding. 

CL: 4.0-7.0 - Silty CLAY with some gravel, light olive brown (2.5 Y 
34); caliche rich zone 5.5' to 6.7I-very pale brown (10 YR 8/4). Trace 
to some gravel, subangular, to 0.15' (ft.). Caliche zone is very clayey 
and contains gravel toward base, moist. 

GM: 7.0-8.8 - Sandy-silty GRAVEL with clay, brown (7.5 YR 4/6), 
some white caliche and Fe-stain. Gravel is subround to 0.1' (ft.) and 
predominantly quartzite. Slightly moist to moist below 8.6'. 
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NO RECOVERY: 8.8-10.0 - No Recovery. 

GM: 10.0-10.6 - Sandy-silty GRAVEL with clay, same as above (7.0'- 
8.87, saturated, more gravels. 

CLAYSTONE: 10.6-1 1.6 - CLAYSTONE, light olive gray to brownish 
yellow (5 YR 6/2 - 10 YR 6/8 respectively). Fe-staining/mottling 
(brownish yellow). Trace black flecks to inclusions. Slightly moist to 
moist. TOP BEDROCK at 10.6'. 

NO RECOVERY: 11.6-1 3.0 - No Recovery. 

CLAYSTONE: 13.0-1 5.0 - CLAYSTONE to silty claystone, yellowish 
brown (10 YR 6/8), mottled, Fe-stained, with pockets and streaks to 
light brownish gray (2.5 Y 6/2). Occasional siltstone/clayey siltstone 
lens. Occasional carbonaceous flecks, streaks. Slightly moist to 
moist. Extra recovery may represent lost recovery from 11.6'-13.0', it 
is also claystone to silty claystone, measures 1.5' long. 

CLAYSTONE: 15.0-16.7 - CLAYSTONE to silty claystone, as above 
(1 3.0'-15.0'). 

NO RECOVERY: 16.7-17.0 - No Recovery. 

CLAYSTONE: 17.0-18.5 - CLAYSTONE to silty claystone, same as 
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PROJECT: Borehole 8 Well 
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GEOLOGIST: Paul Graham 
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OL: 0.0-0.3' - Silty CLAY,'[lOYR 3/21 dark grayish brown, slightly 
moist, organic debris present. 

CL: 0.3-3.7' - Silty CLAY [l OYR 4/41 dark yellowish brown, firm to very 
firm. Moderately silty to slightly sandy. Trace gravels to 0.50' in size. 
Dry to slightly moist. Trace black carbonaceous inclusions in top 6" 
to 8'. 

I 

NO RECOVERY: 3.7-4.0' - No Recovery. 

ML: 4.0-5.2' - Clayey SILT 17.5 YR5/8] strong brown, dry to slightly 
moist. Trace black inclusions. Low plasticity clay with trace fine- 
grained sands. 

GW: 5.2-5.8' - Well graded GRAVELS, clean quartzite, 1 .O-0.25' in 
size. Angular, broken fragments and chips of quartzite. Some rock 
powder within fragments. 

CL: 5.8-6.8' - Sandy gravelly CLAY [7.5 YR5/6] strong brown, slightly 
moist to moist. Black gravel 1.0"-0.25' in size (1 0-20% gravel). Trace 
to some subangular sands dispersed throughout. 
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NO RECOVERY: 6.8-8.0' - No Recovery. 

CL: 8.0-8.3' - Sandy, gravelly CLAY, same as above (5.8-6.8') 
~~~ ~ 

SILTY CLAYSTONE: 8.3-10.7' - Silty CLAYSTONE [2.5 Y 6/21 light 
brownish gray, to clayey siltstone [ l o  YR 5/81 yellowish brown. Trace 
to some sandy-silty zones. Weathered and dry to slightly moist. TOP 
OF BEDROCK AT 8.3'. 

NO RECOVERY: 10.7-1 1 .O' - No Recovery. 

SILTY CLAYSTONE: 11 .O-11.9' - Silty CLAYSTONE [ l o  YR 5/81 with 
some clayey to sandy lenses, weathered (to 11.9') to clayey 
siltstone. 

CLAYSTONE: 11.9-32.9' - CLAYSTONE, less weathered [2.5 Y 5.21 
grayish brown, occasionally mottled, dry to slightly moist. 

CLAYSTONE: 12.9-13.6 - CLAYSTONE, yellowish brown [ l o  YR 5/81, 
dry to slightly moist. 

~~ 

NO RECOVERY: 13.6-14.0' - No Recovery. 

CLAYSTONE: 14.0-16.7' - CLAYSTONE [ l o  YR 5/61 yellowish brown. 
Dry to slightly moist. Highly oxidized zone at 14.3'. Possible 
fracture/slip zone indicator. 
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NO RECOVERY: 16.7-17.0' - No Recovery. 

SILTY CLAYSTONE: 17.0-19.7' - Silty CLAYSTONE [2.5 Y 3/31 dark 
olive brown. Trace to some black carbonaceous inclusions. Slightly 
moist to moist. Increasing amount of silt from 17.5' to 19.7', 
unweathered, dense, tight. 

CLAYSTONE: 19.7-20.9' - CLAYSTONE [2.5 Y3/3] dark olive brown. 
Slightly moist. 

CLAYEY SILTSTONE: 20.9-22.4' - Clayey SILTSTONE to 
SILTSTONE [2.5 Y 3/31 to [5 Y 7/31 with occasional sandy zones. 
Dry, crumbly, carbonaceous flecks and chunks are present, scattered 
throughout, especially at 21.9'. 

SILTSTONE: 22.4-25.0' - SILTSTONE [5 Y 7/31 pale yellow, dry to 
slightly moist. Trace sands. 

SANDY SILTSTONE: 25.0-26.0' - Sandy SILTSTONE [5 Y 7/21 light 
gray. Dry to slightly moist. Occasional sandy zones. 
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5960 

5959 

5958 

5957 3 i 
i 
1 11 

5955 l! , 

i 
i 
11 
41 

5956 

1 

5954 - 

surlace 
Casino. Sch 
40-PVC. 2 
in. ID. 

Borehole 
Dia. 2 in. 

Seal. 
G ra n u I a r 
Benlonile 

Casino. Sch 
40-PVC. 
0.75 in. ID. 

Filler Pack. 
16/40 silica 
sand 

Screen, Sch 
40-PVC. 
0.75 in. ID.. 
0,010 in. 
110lS 

OL: 0.0-0.4' - Clayey SILTSTONE, dark brown (7.5 YR 3/2), some 
gravel and sand, organic, moist. 

CL: 0.4-1.0' - CLAY, brown (10 YR 5/3), some sandy zones, trace 
gravel, oxidized fractures at base, slightly moist. 

SC: 1.0-1.8' - Clayey SAND, yellowish brown (10 YR 5/8)-light gray 
(1 0 YR 7/1), fine-coarse grained, subangular-subround, well graded, 
clayey-silty intergranular matrix, occasional gravel to 0.75", dry- 

\ 

K/j I slightiy moist. 
U\ 

CLAYSTONE: 1.84.8' - CLAYSTONE (weathered), yellowish brown 
(10 YR 5/4), firm, tight, dense, smooth, slightly silty, trace black 
carbonaceous inclusions, trace caliche toward top, slightly moist. 
BEDROCK TOP @ 1.8' (ABRUPT) 

_ _ _  _ _ _  _ _ -  

--- 
- -_  
--- 
--- _ _ _  _ - _  _ _ _  _ _ _  - -_ 
--- 
--- 
--- _ _ _  _ _ _  _ _ _  
--- 
--- 
--- 
--- 
--- 
--- 
--- 
--- 
--- -_ -  - _ -  
i----- CLAYSTONE: 4.8-7.3' - CLAYSTONE, light gray (2.5 Y 7/1), 
- - occasionally mottled brownish yellow (10 YR 6/6), predominantly tight 

' 
trace slightly silty, thin sandy-silty zones 

streaks-inclusions in sandy zones. Slightly 

g==r.l. 1--4 
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A LOG OF BORING NUMBER: 

30200 Unified Soils 
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9z Piezometer 2 Construction 'i Classification 
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5952 

1 '1 r '  

i l1 
I 

5951 

5950 

5949 

5947 

5946 

5945 

5 5 3 5 9 4 3  

1- 11 

/i 

!L j 

: _ _  
. . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  1 . . . . . . . .  
-- 
-- 

~~ ~ 

CLAYSTONE: 7.3-8.0' - CLAYSTONE (weathered) as above 1.84.8' 

SANDSTONE: 8.0-8.3' - SANDSTONE, brownish yellow (10 YR 616) - 
light gray (10 YR 7/1), very fine grained, well sorted, subangular, 
some grading to siltstone, slightly moist. 

CLAYSTONE: 8.3-10.0' - CLAYSTONE, yellowish brown (10 YR 5/8), 
8.3-8.9' gray (10 YR 6/1), below 8.9' unweathered. Mostly tight and 
dense, a few silty-sandy lenses. Slightly moist. 

I 

CLAYSTONE: 10.0-1 1.5' - CLAYSTONE, as above 8.9-10.0' (gray and 
unweathered), very minor yellowish brown mottling. 

SANDSTONE: 11.5-1 1.9' - SANDSTONE, light gray (10 YR 711)- 
grayish brown (2.5 Y 5/3), very fine grained, well sorted, subangular, 
some silty-clayey zones, slightly moist. 

CLAYSTONE: 11.9-14.0' - CLAYSTONE, yellowish brown (10 YR 
5/4)-light brownish gray (10 YR 612). Predominantly tight and dense, 
some thin silty-slightly sandy zones. Mostly slightly moist. Note: At 
12.8-13.0' is an oxidized (strong brown 7.5 YR 518) zone that is 
broken/fractured and WET. Zone contains an increase in silt. 

~~ 

CLAYSTONE: 14.0-17.0' - Silty CLAYSTONE, light yellowish brown 
(2.5 Y 6/4)-gray (2.5 Y 6/1), firm, moderately silty, occasional thin 
sandy lenses-laminations (like 14.5-1 5.1'), slightly moist. Trace 
caliche flecks. 
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* 

5942 

5941 

5940 

5939 

5938 

5937 

5936 

5935 

5934 

~~ 

CLAYSTONE: 17.0-19.1' - CLAYSTONE, strong brown (7.5 YR 516)- 
yellowish brown (10 YR 5/4)-gray (10 YR 6/1), firm, dense, tight, 
smooth texture, very slightly silty. Three oxidized horizontal fractures 
at 18.8, 19.0 and 19.2'. Slightly moist. 

SILT: 19.1-20.0'- Sandy-clayey SILT, gray (10 YR 6/1)-light gray (10 
YR 7/1) occasionally mottled pale brown (10 YR 6/3). Some very fine 
grained sandstone lenses and thin claystone layers, slightly moist. 

~ ~~~ 

SILT: 20.0-20.9' - Sandy-clayey SILT, as above 19.1-20.0', breaks 
apart in blocky chunks. Decrease in sandy lenses. 

CLAYSTONE: 20.9-23.0' - CLAYSTONE, pale brown (10 YR 6/3) @ 
20.9-21.4', very dark grayish brown (10 YR 3/2) @ 21.4-21.8, dark 
grayish brown (1 OYR 4/2), mottled dark yellowish brown (1 0 YR 416) 
@ 21.8-22.5'. Tight, dense, and smooth textured 20.9-21.8'. Crumbly 
below 21.8'. Some black carbonaceous streaks 21.4-21.8'. Slightly 
moist. Some slightly silty zones (22.5-23.0'). 

CLAYSTONE: 23.0-24.9' - CLAYSTONE, grayish brown (10 YR 512) 
firm-very firm, tight, dense, smooth-rough texture, very slightly silty, 
slightly moist. 

SILTSTONE: 24.9-26.0' - SILTSTONE, light gray (10 YR 7/1), 
occasionally mottled yellow (10 YR 7/6)-very pale brown (1 0 YR 714). 
Very firm, some clayey matrix, trace grading to very fine grained 
sandstone, slightly moist. 
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***.I 

5932 
27: i 

I 
! 
( 

Bollom C a p  i Sump. Srh 

! 0.75 in. ID., 
j 4o.PVC. 

W'r'Ye'S 28' 

0 

455 

! / . / . / . / . !  I SILTSTONE: 26.0-27.5' - SILTSTONE as above 24.9-26.0'. Very 
' / ~ / ~ / . / ~ i  i crumbly, friable, slightly moist-dry. 

, /  / / / : .  

CLAYSTONE: 27.5-28.0' - CLAYSTONE, dark gray (10 YR 4/1)-dark 

calcareous fracture fill. 
grayish brown (10 YR 4/2), very firm, tight, dense, dry. Trace white 



STATE PLANE COORDINATES AREA: GRND ELEV. (FT):5957.06 CASING DIA (IN): LOG OF BORING NUMBER: 

30300 NORTH:751952.4 TOTAL DEPTH (FT): 20.00 BH DIA. (IN): 

PROJECT: Borehole 8 Well 
EAST: 2084010.17 COMPLETION DATE: 9/20/00 GRID LOCATOR: 

GEOLOGIST: Brian Walsh 
REMARKS: 

I Page 1 of a 

Well or - c) Unified Soils 5 Piezometer 
Classification > Construction Z 

Q and Materials 6 Lithology or Rock Type Lithologic Description 

5959 j v r  
i 

595 

Surtau, 
CESinp. sch 
4o-PIC. 2 
in. ID. 

Borehole 
Dia. 2 in. 

Casing. Sch 
4o-PVC. 
0.75 in, ID. 

Seal. 
;ranular 
Bentonite 

'ilter Pack 
16-40 silica 
&and 

jueen. sch 
Io-PVC. 
1.75 in. ID.. 
).010 in. 
401s 

OL: 0.0-0.5' - Silty CLAY, dark brown (10 YR 3/3), firm organic, 
moderately silty, slightly sandy, slightly moist. 

~ ~~~ 

ML: 0.5-3.3 - Sandy SILT, reddish brown (2.5 YR 4/4)-yellowish red (5 
YR 5/6), firm, organic material, moderately sandy, occasional pebbles 
(gravel) to 0.75". Thin zone with some caliche.Slightly moistdry. 
Friable. 

NO RECOVERY: 3.34.0' - No Recovery 

ML: 4.3-9.2' - Clayey SILT, yellowish red (5 YR 4/6), firm, 
intergranular clay/matrix, slightly-moderately sandy, trace gravel to 
0.5" (quartzite). Moist. Some grading to silty clay. 
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5950 

5949 

5948 

5947 

5946 

5945 

5944 

5943 

5942 

15941 

CL: 9.2-1 1 .O' - Silty CLAY, reddish brown (5 YR 4/4), firm, moderately 
silty, slightly sandy, trace gravel to 0.5'. Moist. Trace black 
inclusions. 

ML: 11.0-13.3' - Sandy-clayey SILT, yellowish red (5 YR 4/6), firm, 
some very fine grained sand, occasional medium-coarse grained 
sand, trace gravel to 0.75'. Some intergranular clay. Some clay 
matrix. Occasionally grading to clayey-silty sand. Moist. 

CL: 13.3-14.0' - Silty CLAY, reddish brown (5 YR 4/3), firm, 
moderately silty, slightly sandy, trace black carbonaceous inclusions, 
moist. 

NO RECOVERY: 14.0-14.6' - No Recovery 

GC: 14.6-15.9' - Clayey GRAVEL, 70-80% gray (GLEY1 6/N) angular 
(broken) quartzite fragments to 1.5'. 20-30% clay matrix: yellowish 
red (5 YR 5/6), silty-sandy. Very moist. 

CLAYSTONE: 15.9-16.5' - CLAYSTONE, yellowish brown ( I O  YR 34) 
upper weathered zone (15.9-16.2'). Grayish brown (2.5 Y 512) below 



L - LOG OF BORING NUMBER: 

30300 Unified Soils Well or A 
c) 
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2 Construction Classification 
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5940 

5939 

5938 

it , : 
it ! 

b1-Zi-J 1 16.2'. Tight, dense, waxy texture, slighly moist. TOP BEDROCK @ 

CLAYSTONE: 16.5-17.9' - CLAYSTONE as above (1 5.9-16.5'), 
yellowish brown ( I O  YR 5/4) 16.5-17.0', grayish brown (2.5 Y 5.2) , _ _  

17.0-1 8.2' 

NO RECOVERY: 17.9-18.0' - No Recovery IMh 
1 [CLAYSTONE: 18.0-18.2' - CLAYSTONE as above (16.5-17.9'). ' ---- ~~ 

! E1ld I 'CLAYSTONE: 18.2-20.0' - CLAYSTONE (unweathered), dark gray 
(2.5 Y 4/1), tight, dense, waxy texture, slightly moist toward top 
Slightly moist-dry and crumbly below 19.2'. 



STATE PLANE COORDINATES AREA: GRND ELEV. (FT):5966.26 CASING DIA (IN): LOG OF BORING NUMBER: 

30400 NORTH:752127.28 TOTAL DEPTH (FT): 30.00 BH DIA. (IN): 

PROJECT: Borehole 8 Well 
REMARKS: 

EAST: 2084237.36 COMPLETION DATE: 9/27/00 GRID LOCATOR: 
GEOLOGIST: Paul Graham 

Page 1 of 4 I 
Wetlor = 

Y Unified Soils 5 Piezometer 
Classification > Construction 5 

Q and Materials d Lithology or Rock Type Lithologic Description 

e' 

5968 

5967 

5966 

e 5965 

5964 

5963 

5962 

5961 

e 

M a c e  
:asing. Sch 
,o-PVC. 2 
n. ID. 

lorehole 
)ia. 2 in. 

:asinp. Sch 
IOPVC. 
1.75 in. ID. 

Seal. 
;ranular 
lenlonile 

:iller Pack. 
13/40 Silica 
iand 

ween. sch 
Io-PVC, 
1.75 in. ID., 
1.010 in. 
;lo15 

OL: 0.0-0.9' - Black organic (material) fine grained SANDS and SILTS. 
(7.5 YR 2 3 1 )  Dry to slightly moist. 

GM: 0.9-3.9' - Sandy GRAVELS to 1.5'. Angular broken quartzite with 
some fine grained sands. Caliche also present. (1.0 YR 8/1) Dry. 
Some clay (lenses?) interspersed in run. 

NO RECOVERY: 3.9-4.0' - No Recovery. 

GM: 4.0-5.4' - GRAVELS, same as above (1.0-3.9'), with some clay 
lenses. 

CLAYSTONE: 5.4-6.9' - CLAYSTONE, gray (2.5 Y 6/1). Smooth, tight 
clay, dry to slightly moist. No noticable fracturing. Traces black 
carbonaceous inclusions and orange mottling. Some caliche at top. 
TOP BEDROCK @ 5.4' 
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5959 

5958 

5957 

5956 

5955 

5954 

5953 

5952 

595 

%* 5950 

- 7  

- 8  

- 9  

- i o  

NO RECOVERY: 6.9-8.0' - No Recovery 

CLAYSTONE: 8.0-10.0 - CLAYSTONE, gray (5 Y 6/1). Dry, crumbles 
easily. Brownish orange weathering/mottling present throughout. 
Occasionally slightly silty. Caliche rich zone at 8.5-8.7'. 

CLAYSTONE: 10.0-11.0' - CLAYSTONE, gray (5 Y 611). Dry, 
crumbling claystone with brown/orange mottling. Slightly silty in some 
areas. Fe-oxide-stained zone at 10.0-1 0.7'. (Fracture/slump plane???) 

CLAYSTONE: 11 .O-14.5' - CLAYSTONE, same as above (8.0-1 1.0'). 
Caliche zone at bottom of run (14.4'), occasional clasts elsewhere. 
Occasional carbonaceous flecks. lncresased Fe-oxides below 13.0'; 
disseminated at 13.0 w/some discrete stringers (possible fracture f i l l  

CLAYSTONE: 14.5-18.0' - CLAYSTONE, same as above (8.0-14.5'). 
Decreasing caliche. Occasional silt. Very dry and crumbles easily. 
Fe-oxide staining more common. 
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5947 

5946 

5945 

5944 

5943 

5942 

5941 

CLAYSTONE: 18.0-20.0' - CLAYSTONE, same as above (8.0-1 8.0'). 
Trace silt, becoming slightly moist 19.5-20.0'. Fe-oxide staining 
predominant. 

CLAYSTONE: 20.0-21.2' - CLAYSTONE, same as above. More 
weathered areas are brownish orange, smooth, clean, and tight clay. 
Silty sandstone rip-up clasts 20.2-20.3'. 

CLAYSTONE: 21.2-22.0' - CLAYSTONE, very dark grayish brown (IO 
YR 3/2), unweathered, black steaks/inclusions. Dry to slightly moist. 

CLAYSTONE: 22.0-22.9' - CLAYSTONE,, same as above (21.2-22.0'). 
Slightly moist, with black inclusions. 

CLAYSTONE: 22.9-24.0' - Silty CLAYSTONE, gray (IO YR 6/1), very 
dry, crumbles easily. Color grades to light olive brown (2.5 Y 5.3) with 
increased Fe-oxides. 

CLAYSTONE: 24.0-25.0' - Silty CLAYSTONE, gray ( I O  YR 6/1), with 
some very silty and some slightly sandy lenses. Trace black 
carbonaceous inclusions, dry to slightly moist in clay. Slight Fe-oxide 
staining below 24.7'. 

CLAYSTONE: 25.0-26.0' - Silty CLAYSTONE and Clayey 
SILTSTONE, same as above (24.0-25.0'), with zones that are silty, 
zones that are sandy. Slight Fe-oxide staining throughout. 



LOG OF BORING NUMBER: 

30400 Unified Soils 
CI Well or 
k Piezometer 

Construction 2 Classification - I E and Materials x Lithology or Rock TvDe Lithologic Description 

5940 

5939 

5938 

5937 

It i 

28 

I 

29 

CLAYSTONE: 26.0-27.7' - Silty CLAYSTONE, same as above (22.9- 
26.0'). Dry to slightly moist. Localized increase of fine sands. 

NO RECOVERY: 27.7-28.0' - No Recovery. 

CLAYSTONE: 28.0-30.0' - Silty CLAYSTONE, same as above (22.9- 
27.7'). Dry to slightly moist. Trace to some sand @ 29.0-30.0'. 
Increased Fe-oxide staining relative to 26.0-27.7' material. 



STATE PLANE COORDINATES AREA: GRND ELEV. (FT):5962.71 CASING DIA (IN): LOG OF BORING NUMBER: 

30500 NORTH:752424.9 TOTAL DEPTH (FT): 31 .OO BH DIA. (IN): 

PROJECT: Borehole 8 Well 
REMARKS: 

EAST: 2084368.87 COMPLETION DATE: 10/12/00 GRID LOCATOR: 
GEOLOGIST: Brian Walsh 

Pago 1 Of 4 

Unified Soils Piezometer 
> Construction Z Classification 
Q Lithology or  Rock Type Lithologic Description 1 and Materials 0" 

Well or = 
c1 

e 
- 2  j 

3urlace 
:asin& Sch 
to-PVC. 2 
n. ID. 

Porehole 
l i a .  2 in. 

:asing. Sch 
Io-PVC. 
1.75 in. ID. 

Seal. 
>ranular 
3enlonlle 

'iller Pack, 
16140 silica 
iand 

Csreen. Scn 
40-PVC. 
0.75 in. ID., 
0.010 in. 
5101s 

OL: 0.0-0.6' - Silty-gravelly CLAY, dark brown (7.5 YR 3/2), organic, 
some plant material, moist. 

SC: 0.6-3.4' - Gravelly-clayey SAND, pinkish gray (7.5 YR 7/2), fine- 
coarse grained, well graded, subangular. Slightly moist. Some clayey 
matrix, 20% quartzite gravel up to 1 .0'. Some intergranular-patchy 
light gray caliche. 

NO RECOVERY: 3.4-4.0' - No Recovery 

SC: 4.0-4.5' - Gravelly-clayey SAND, as above (0.6-3.4'). 

GC: 4.5-5.9' - Sandy-clayey GRAVEL, reddish yellow (7.5 YR 6/8) 
matrix. Gray (7.5 YR 611) quartzite gravel to 1.5', broken angular 
fragments. 20-30% sandy-clayey matrix. Slightly moist. 

CLAYSTONE: 5.9-7.0 - CLAYSTONE, greenish gray (GLEY1 5/1), 
firm, dense-tight, smooth texture, slightly moist. Trace black 
horizontal streaks toward top (possibly sample collection modified un- 
oriented inclusions). 
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NO RECOVERY: 7.0-8.0' - No Recovery. 

CLAYSTONE: 8.0-10.0' - CLAYSTONE, greenish gray (GLEY 1 5/1), 
occasionally mottled light yellowish brown (1 0 YR 6/4)-yellowish 
brown (10 YR 6/6), firm, dense-tight, smooth texture, slightly moist. 

CLAYSTONE: 10.0-1 1.6' - CLAYSTONE, as above (8.0-10.0'), trace 
white caliche inclusion (0.5") @ 10.8-1 1.1'. 

CLAYSTONE: 11.6-14.3' - CLAYSTONE, gray (GLEY1 6/N), 
occasionally mottled light yellowish brown (2.5 Y 6.4), firm-very firm, 
dense-tight, slightly moist. . 

CLAYSTONE: 14.3-17.1' - CLAYSTONE, brownish yellow (10 YR 
6/8)-light yellowish brown (2.5 Y 6/4)-gray (2.5 Y 6/1). Most of the 
weathered areas are in patches-thin beds-small fracture surfaces. 
Firm-slightly crumbly, dense, tight, rough texture, very slightly moist. 
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5945 

5944 

5943 

5941 

5940 

5939 

5938 

CLAYSTONE: 17.1-18.1' - CLAYSTONE, dark gray (5 YR 4/1), firm, 
crumbly core section, rough texture, non-weathered, dry. 

CLAYSTONE: 18.1-20.0' - CLAYSTONE, yellowish brown (10 YR 
5/4), occasionally mottled gray (10 YR 5/1), firm, rough texture, 
slightly moist-dry. Fe-oxidation deposition in some discrete stringers 
@ 18.0-18.6'. 

__ 

CLAYSTONE: 20.0-22.0' - CLAYSTONE, dark gray ( I O  YR 4/1), firm, 
crumbly, rough texture, dry. 

CLAYSTONE: 22.0-23.7' - CLAYSTONE, brownish yellow (10 YR 
6/8), some gray (10 YR 6/1) mottling, firm, dense-tight, smooth waxy 
texture, weathered, moist. 

CLAYSTONE: 23.7-25.0' - CLAYSTONE, dark grayish brown (10 YR 
4/2), some black carbonaceous streaks and inclusions, dense, tight, 
smooth-rough texture, slightly moist. 

C-GYSTONE: 25.0-26.0' - CLAYSTONE, yellowish brown (10 YR 
5/4), occasionally mottled gary (10 YR W), firm, dense, tight, rough 
texture, weathered, slightly moist-dry. 





STATE PLANE COORDINATES AREA: GRND ELEV. (FT):5945.36 CASING DIA (IN): LOG OF BORING NUMBER: 

30600 
NORTH:752698.89 TOTAL DEPTH (FT): 31 .OO BH DIA. (IN): 

PROJECT: Borehole 8 Well 
REMARKS: 

EAST: 2084229.94 COMPLETION DATE: 10/3/00 GRID LOCATOR: 
GEOLOGIST: E. A. Francisco 

59 

1 e 5944 1 

Suriaut 
Casing. Sch 
40-PVC. 2 
in. ID. 

Borehole 
Dia. 2 in. 

Seal, 
G rn n u I a r 
Bentonite 

Casinp. Sch 
40-PVC. 
0.75 in. ID. 

iller Pack, 
6/40 silica 
and 

icreen. Sch 
0-PVC. 
1.75 in. ID.. 
1.010 in. 
101s 

OL: 0.0-1.8' - Organic silty CLAY, dark grayish brown (10 YR 412) to 
very dark grayish brown (10 YR 3/2). Some gravel up to 0.10" in size 
@ 0.6-0.9' (broken angular quartzite fragments). Abundant fine grass 
roots throughout interval to 1.8'. Dry to slightly moist @ 0.5' trending 
to dry @ 1.8'. 

CLAYSTONE: 1.8-3.2' - CLAYSTONE, dark reddish brown (5 YR 3/3) 
to light olive brown (2.5 Y 5/4). Dark grayish brown (2.5 YR 4/2) @ 
3.9'. Very firm, smooth, tight and dense. Trace of caliche @ bottom of 
interval. Slightly moist. 

NO RECOVERY: 3.2-4.0' - No Recovery. 

CLAYSTONE: 4.0-4.1' - CLAYSTONE, as above (1.8-3.2'). 

SILTSTONE: 4.1-4.7' - SILTSTONE, grayish brown (2.5 Y 5/2), firm, 
crumbly, friable. Some small caliche inclusions throughout. Dry. 

CLAYSTONE: 4.7-9.8' - CLAYSTONE, light yellowish brown (2.5 Y 
6/4) to very dark gray (10 YR 3/1). Some oxidized zones @ 5.0' and 
6.0-6.5'. Some silty intervals down to 7.0'. Some caliche inclusions 
throughout interval down to 7.0'. From 7.0' to 9.8' texture is tight, 
smooth and waxy. Dry to slightly moist throughout interval. Black 
carbonaceous inclusion @ 9.6'. Oxidized from 9.3-9.8'. NOTE: From 
4.1-6.0', mottling & texture resemble brecciated or otherwise 
disrupted materials. May indicate zone of slumpinglfault. 

I 

/ 
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5938 

5937 

5936 

5935 

5934 

5933 

5932 

593 

5930 

~~ ~ 

CLAYSTONE: 9.8-12.0' - CLAYSTONE, becomes weathered at 9.8', 
light brownish gray (10 YR 6/2) to dark gray (10 YR 411). Black 
carbonaceous tense @ 10.0' as well as trace carbonaceous 
inclusions throughout. Slight trace of Fe-stained fracture surfaces. 
Dry throughout, crumbly. 

CLAYSTONE: 12.0-1 5.0' - CLAYSTONE, same as above (9.8-12.0') 
but with fewer carbonaceous inclusions and less Fe-staining. 
Predominantly dark gray (1 0 YR 4/1), carbonaceous inclusions @ 
12.1' looks like charcoal fragments whereas inclusion @ 15.0' seems 
to represent plant fragments (possible leaf stem). 

CLAYSTONE: 15.0-18.0 - CLAYSTONE, same as above (12.0-15.0), 
however, dryness changes to slightly moist @ 17.5-18.0. 
Carbonaceous inclusions from 17.4-18.0. 
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CLAYSTONE: 18.0-21.0' - CLAYSTONE, same as above (12.0-15.0' 
and 15.0-18.0'), however, color changes from dark gray (10 YR 411) to 
pale brown (1 0 YR 613) @ 19.0'. Trace to some carbonaceous 
inclusions and trace caliche inclusions. Small caliche filled fracture 
Q19.0. Caliche encasing small carbonaceous "pocket" and 0.25" 
caliche clast @ 19.5' as well as caliche filled fractures approximately 
70-90 degrees. Moderate to high angle fractures, oxidized or caliche 
filled at about 20.0, 20.5 and 20.9'. Carbonaceous inclusion @ about 
20.9'. 

CLAYSTONE: 21 .O-23.0' - CLAYSTONE, unweathered dark gray (2.5 
Y 511) changing to weathered light olive brown (2.5 Y 513) @ 22.2'. 
Some Fe-staining throughout on fracture surfaces. Trace of moisture. 
Easily friable, crumbly. Abundant small, angle varying, fractures 
throughout interval. Mostly Fe-stained caliche inclusion @ 22.6 and 
22.9'. 

CLAYSTONE: 23.0-25.0' - CLAYSTONE, unweathered grayish brown 
(2.5 Y 512) changing to weathered yellowish brown (10 YR 516). Some 
Fe-staining on fracture surfaces increasing with depth to abundant 
staining @ 25.0. Easily friable and crumbly. Slightly more moisture 
@ 24.5'. Fracture angles range from 30-50 degrees @ 23.2' to smaller 
high angle oxidized fractures @ 24.5'. Caliche inclusion @ 24.2'. 

CLAYSTONE: 25.0-27.0 - CLAYSTONE, unweathered, grayish brown 
(2.5 Y 5/2). Trace to some Fe-staining throughout. Trace to some 
moisture, easily friable. 
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CLAYSTONE: 27.0-29.0 - CLAYSTONE, same as above (25.0-27.0 
ft.), with noticable Fe-staining zone at 27.5'. Slightly more moist than 
interval from 25.0' to 27.0'. 

CLAYSTONE: 29.0-31.0 - CLAYSTONE, very dark gray (2.5 Y 311) to 
yellowish brown (10 YR 516). Abundant Fe-staining and some 
moisture from 29.8' to 30.4'. Moderately friable from 29.0' to 29.8' and 
30.4' to 31 .O'. Trace of moisture and highly friable. Caliche clasts at 
29.0' and 30.0'. 



STATE PLANE COORDINATES AREA: GRND ELEV. (FT):5935.24 CASING DIA (IN): LOG OF BORING NUMBER: 
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iwiace 
:aring. Sch 
0-PVC, 2 
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ieal. 
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:asing, Sch 
,J-PVC. 
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:iller Pack, 
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IJ-PVC. 
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CL: 0.0-1.0 - CLAY, light olive brown (2.5 Y 5/3)-dark brown (7.5 YR 
3/2). Soft to firm, tight, dense, smooth texture. Occasionally slightly 
silty. Moist (at top) to slightly moist. 

CLAYSTONE: 1.0-4.6 - Silty CLAYSTONE, light brownish gray (2.5 Y 
6/2)-dark gray (2.5 Y 4/1), firm, crumbly to blocky cores. Dry to 
slightly moist. Predominantly moderately silty. Very silty at I '-2', 
becoming predominantly claystone at 2'. 

CLAYSTONE: 4.6-8.0 - CLAYSTONE, light olive brown (2.5 Y 5/3) 
with some yellowish brown ( I O  YR 5/6) mottling at 4.6'-5.7', dark gray 
(10 YR 4/1) at 5.7'-7.2'. Firm, crumbly, dry to slightly moist, very 
slightly silty, trace caliche. 
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CLAYSTONE: 8.0-10.0 - CLAYSTONE to CLAYSTONE w/silt, pale 
brown ( IO YR 6/3), some reddish yellow mottling (7.5 YR 6/8) at 8.0'- 
9.0'. Firm, dry and crumbly. Blocky core fragments. NOTE: reddish 
yellow Fe-stained fractures. 

~~ 

CLAYSTONE: 10.0-1 1.0 - CLAYSTONE, as above (8.0'-10.0'), but 
very firm and not as crumbly in core samples. Grades to claystone 
w/si I t . 

CLAYSTONE: 11 .O-13.0 - CLAYSTONE to CLAYSTONE w/silt, gray 
(2.5 Y 6/1)-dark gray (2.5 Y 411). Very crumbly in core samples. 
Slightly silty. Occasional yellowish brown (1 0 YR 5/8) 
laminationslfracture surfaces. Dry. Trace black carbonaceous 
inclusions at 12.6'-13.2'. 

CLAYSTONE: 13.0-16.1 - CLAYSTONE to CLAYSTONE w/silt, as 
above 11 .O'-13.0'. Slight increase in yellowish brown 
laminations/fracture surfaces. Trace black carbonaceous inclusions 
12.6'-13.2'. 

SILTSTONE: 16.1-17.5 - SILTSTONE, light brownish gray (2.5 Y 6/2), 
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occasionally mottled reddish yellow (7.5 YR 6/8). Crumbly/friable. 
Some clayey matrix. Slightly moist to dry. 

CLAYSTONE: 17.5-20.0 - Silty CLAYSTONE, light yellowish brown 
(10 YR 6/4) at 17.5'-1923, gray (10 YR 6/1) at 19.5'-20.0'. Crumbly 
core sample. Occasional reddish yellow (7.5 YR 618) 
laminations/fracture surfaces. Moderately silty. Some black 
carbonaceous streaks/inclusions to 1 .O". Dry to slightly moist. 

CLAYSTONE: 20.0-22.0 - CLAYSTONE, dark grayish brown (10 YR 
4/2)-very dark grayish brown (10 YR 3/2). Occasional reddish yellow 
(7.5 YR 6/8) laminations/fracture surfaces/inclusions. Rough texture. 
Dry to slightly moist. Trace small caliche inclusions. 

CLAYSTONE: 22.0-24.6 - CLAYSTONE, grayish brown (10 YR 5/2). 
Yellowish brown (10 YR 5/6) layers at 23.0'-23.5'. Firm-very firm, 
rough texture. Occasionally slightly silty. Dry to slightly moist. 

CLAYSTONE: 24.6-26.5 - CLAYSTONE, olive gray (5 Y 5/2), some 
reddish yellow (7.5 YR 6/8) laminations/fracture surfaces/inclusions. 
Trace white caliche. Slightly moist to moist. 
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CLAYSTONE: 26.5-28.0 - CLAYSTONE, very dark grayish brown (10 
YR 3/2) to black (2.5 Y 2.511) at 27.5', firm to very firm, rough texture, 
dry to slightly moist. 
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OL: 0.0-0.5 - Silty CLAY, brown (7.5 YR 4/4), organic. Occasional 
gravel to 0.5". Crumbly. Slightly moist. 

- Gravelly SAND, very pale brown (1 0 YR 7/3), very fine- 
graded, subangular, friable. 20-30% quartzite 
silty-clayey matrix. Slightly moist. 

NO RECOVERY: 3.4-4.0 - No Recovery. 

GM: 4.0-4.6 - Silty-sandy GRAVEL, yellowish brown ( I O  YR 514). 
Angular-broken quartzite fragments to 1.5". 3040% silty-sandy 
matrix. Loose. Slightly moist. 

SP: 4.6-6.0 - SAND, light yellowish brown ( I O  YR 6/4). Predominantly 
medium grained. Some fine and coarse grained. Moderately to poorly 
graded, subangular, loose, trace silty-clayey intergranular fill. Some 
dark gray quartzite gravel toward base, wet. 

\ 

CL: 6.0-6.5 - CLAY, light yellowish brown (2.5 Y 6/3). Firm, dense, 
tight, slightly silty, moist. 
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yellowish brown (IO YR 5/6), firm to very firm, dense, tight, smooth 
texture, slightly moist. 

CLAYSTONE: 17.0-19.0 - CLAYSTONE, yellowish brown ( I O  YR 518) 
from 17.0'-18.1', gray ( I O  YR 511) below 18.1'. Firm, dense, tight, 
smooth texture. Trace dark gray and orange fracture surfaces. 
Slightly moist, predominantly weathered below 18.1'. 

CLAYSTONE: 19.0-1 9.4 - CLAYSTONE, as above, occasionally 
mottled light yellowish brown (2.5 Y 614). 

NO RECOVERY: 19.4-20.5 - No Recovery. 

CLAYSTONE: 20.5-22.0 - CLAYSTONE, yellowish brown (IO YR 5/6), 
occasionally mottled gray ( I O  YR 6/1), grayish brown ( I O  YR 5/2) at 
21.7'-22.0'. Firm to very firm, dense, tight, some horizontal black 
streaks, slightly moist. 



STATE PLANE COORDINATES AREA: GRND ELEV. (FT):6005.71 CASING DIA (IN): LOG OF BORING NUMBER: 
NORTH: 751 766.8 TOTAL DEPTH (FT): 31.00 BH DIA. (IN): 

PROJECT: Borehole 8 Well 
REMARKS: 

30900 EAST: 2oa2ois.a3 COMPLETION DATE: 9/19/00 GRID LOCATOR: 
GEOLOGIST: Paul Graham 
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Sudace 
Casing. Sch 
40-PVC. 2 
in. ID. 

Seal. 
Granular 
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Casing. Sch 
40-PVC. 
0.75 in. ID. 

Borehole 
Dia. 2 in. ID. 

Filler Pack, 
1 W O  sibca 
sand 

m e n .  Sch 
40-PVC. 
0.75 in. ID.. 
0.010 in. 
51015 

NO RECOVERY: 0.0-1 5.0 - No Recovery. Solid point driven to 15.0'. 
No core logged from 0.0'-15.0' due to proximity of 30900 to existing 
boreholes, BH# 7397 to the east and BH#17497 to the west. 
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SC-SM: 16.5-18.0 - SILTY to CLAYEY SANDS (5 YR 5/6) yellowish 
red. Fine to medium grained, subangular, moderately graded. Moist to 
very moist, some Fe-staining. 

GC: 18.0-19.0 - CLAYEY GRAVEL (10 YR 516) yellowish brown. 
Trace caliche grains. Black carbonaceous flecks or Fe/Mn oxide at 
18.7'to 19.0'. 

~~~~ 

CL: 19.0-20.0 - CLAY with trace medium grained sands and gravel (10 
YR 96)  yellowish brown to (5 Y 6/4) pale olive. Dry to slightly moist. 
Black carbonaceous flecks or Fe/Mn oxide to 19.8'. Some as 
carbonaceous flecks at 18.7' to 19.0'. 

CL: 20.0-21.5 - CLAY with trace medium grained sands and gravel (10 
YR 516) yellowish brown to (5 Y 6/4) pale olive. Gravels include 
rounded limestone pieces to 3/4'. Also contains pockets of caliche 
below 20.9'. Black coal-looking clasts are scattered in column 
especially below 20.6. 

SILTY SANDSTONE: 21.5-23.0 - SILTY SANDSTONE to SANDY 
SILTSTONE (2.5 Y 7/1) light gray. Well sorted with some thin clay 
lenses. Subangular to subrounded, very fine grained. Trace to some 
Fe-staining. Slightly moist to moist. Occasional traces of MnO 
staining. TOP OF BEDROCK at 21 .S. 

SILTY SANDSTONE: 23.0-24.6 - SILTY SANDSTONE to SANDY 
SILTSTONE, (2.5 Y 7/1), same as above 21.5'-23.0'. Dry to slightly 
moist. 

SANDSTONE: 24.6-27.0 - Very fine SANDSTONE with some silt. 
Well sorted, subangular, dry to slightly moist (5 Y 711) light gray. 
Occasional Fe-staining. 
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NO RECOVERY: 27.0-29.0 - No Recovery. (Only slough) 

CLAYSTONE: 29.0-31 .O - CLAYSTONE (5 Y 7/1) light gray. Smooth, 
tight clay with some weathered Fe-stained clays. Dry to slightly 
moist. Black mottling and occasional silty lenses also noted. 
Sandstone rip-up clast at 29.9'. 



Relative Percent Differences (RPDs) for Groundwater 
Calendar Year 2000 

Absolute 
Average RPD 

DUP 

Lab Valid 
Qual 

Sample Real Real Real Dup 
Dup Units Value (RaaI+DupVZ AbsVallAveX100 

(Real-Dupl 
Lab Valid Result Date Result 
Qual 

Location Anal yte 

Volatile Organic Compounds 
11891 / 10/24/00~1,1,1-TRICHLOROETHANE I 2.41 I V1 I 2.31 I V1 UG/L/ 0.1 2.4 I 4.3 
3586: 5/18/00~1,1,1-TRICHLOROETHANE 11 J j V1 l j  V1 UG/L ~ 0.00 1.001 0.00 

- 70393/ 6/1/00/ 1,1,1-TRICHLOROETHANE 23 j v ;  21 i J UG/L j 2.00 22.001 9.09 
891COLWELi 8/24/0011.1 ,I-TRICHLOROETHANE 2 J j J 1 /  2 ( J  J1 UGlL 0.00 2.001 0.00 

41299) 12/12/00) 1,l-DICHLOROETHANE 2.21 J ' V1 ' 2.1 J V1 UG/L 1 0.1 2.2 1 4.7 
102941 7/25/0011,1-DICHLOROETHENE I 11 V 1 U V UGlL 1 0.00 1 .oo 0.00 
11891 I 10/24/00~1,1-DICHLOROETHENE ! 3.91 v 1  3.7 V1 UGlLI 0.2 3.8, 5.3 

I 20 U V UGlL I 19.00 10.50 180.95 12691 I 7/27/0011,1-DICHLOROETHENE 11 I V  
412991 12/12/00 / 1,l-DICHLOROETHENE ! 9.41 . V1 10 

3586i 10/25/00~1,1,1-TRICHLOROETHANE I 0.841 I V1 \ 0.631 V1 UGlL! 0.2 0.7! 28.6 

35861 5/18/00~1.1-DICHLOROETHANE I 30 D 1 V1 I 33 D V1 UG/L/ 3.001 31.501 9.52 
35861 10/25/00~1.1-DICHLOROETHANE 29.41 1 V1 i 28.2, V1 UG/L/ 1.2 28.81 4.2 

i V1 UGlLI 0.6 9.7 6.2 
1.00 14.50 6.90 I-- 18.18 

- 703931 6/1/00/1,1-DICHLOROETHENE ! 141 V 15 
- 891COLWELi 8/24/00~1.1-DICHLOROETHENE 101 J J1 12 J I J1 I UGlL, 2.00 11.00 - 

P209389i 1/18/00! 1 .l-DICHLOROETHENE I 201 V 21 i V ~ UGlL! 1.00, 20.50 4.88 
P209389j 7/31/00 1 ,I-DICHLOROETHENE T R ~ R Z  22 D V1 -28/ D V1 UG/Lj 6.00 25.00 24.00 

__. 35861 10/25/00 1.2-DICHLOROETHANE 0.73 v1  0.69 1 V1 UG/L/ 0.0 0.7 5.6 

11891 I 5/5/00 CARBON TETRACHLORIDE 640 V 680 I V UGlL' 40.00 660.00 6.06 
11891 10/24/00 CARBON TETRACHLORIDE 580 D .1 6041 D 1 UG/L 24.0 592.0 4.1 
12691 2/2/00 CARBON TETRACHLORIDE 450 v1  440 I V1 UGlL 10.00 445.00 2.25 
18199 311 4/00, CARBON TETRACHLORIDE 35000 D V1 39000, D , V1 UG/L, 4000.00 37000.00 10.81 
18199 12/5/00 CARBON TETRACHLORIDE 27300 D 27300 D UGlL 0.0 27300.0 0.0 
23296 10/30/00 CARBON TETRACHLORIDE 5.7 v1  5.4 D 1 UGlLI 0.3 5.6 5.4 

891COLWEL, 8/24/00 CARBON TETRACHLORIDE 10 J J1 9 J J1 UGlL 1 .oo 9 3  10.53 
__ P209389 1/18/00 CARBON TETRACHLORIDE 2 V 2 I V UG/L 0.00 2.00 0.00 

P209389 7/31/00 CARBON TETRACHLORIDE T R i m i  2 J1 2 1 J1 UGlL 0.00 2.00 0.00 

3586; 10/25/00 BENZENE 0.56 J1 0.531 J l  UGlL; 0.01 0.5 5.5 

12691 7/27/00 CARBON TETRACHLORIDE T R ~ R Z  680 D V 720 D V UGlL 40.00 700.00, 5.71 
- P209389 7/31/00 CARBON TETRACHLORIDE T R ~ R Z  1 JD 1 2 JD I 1 UGlL 1 .oo 1.50 66.67 

11891 5/5/001CHLOROFORM ~ 2 0 J  V 21 J i V UGlL 1.00 20.50 4.88 
11891, 10/24/00 CHLOROFORM 

7.14 

18199 3/14/00 ,CHLOROFORM 5500 D 1 6100 D 1 UG/L 600.00 5800.00 10.34 
18199 12/5/00 CHLOROFORM 4110 3930 D UG/L 180.0 4020.0 4.5 
232961 10/30/00 CHLOROFORM 12.8 D 1 12.6 D 1 UG/L 0.2 12.7 1.6 

P209389 1/18/00 CHLOROFORM 4 V 4 V UGlL 0.00 4.00 0.00 
P209389' 7/31/00 CHLOROFORM TRI~TRI 3 v1  3 / V1 UGlL 0.00 3.00 0.00 

12691 7/27/00 CHLOROFORM TRMRZ 34 JD V 35, JD 1 UG/L 1.00 34.50 2.90 
- P209389 7/31/00 CHLOROFORM T R ~ R Z  3 JD , 1 ~ 31 JD , 1 , UGlL' 0.00 3.00 0.00 

18199 12/5/00 CHLOROMETHANE 25 U i 1 25 U UGlL j 0.0 25.0 0.0 
11 891 5/5/00 cis-l,2-DICHLOROETHENE 24 J I  V i  24 J V UGlL i 0.00 24.00 0.00 
11891 10/24/00 cis-1,2-DICHLOROETHENE 25.8 ' V1 24.7, V1 UG/L( 1.1 25.3 1 4.4 
12691 2/2/00 cis-1,2-DICHLOROETHENE 33 v 1  33 V1 UGlL 1 0.00 33.001 0.00 
232961 10/30/00 cis-1.2-DICHLOROETHENE 80.4 D 1 82 D 1 [ UGlLi 1.6 81.21 2.0 
35861 5/18/00 cis-1.2-DICHLOROETHENE 3 v 1  3 V1 I UG/L 0.00 3.00 0.00 

. '  16 v1  16.2 D j 1 UG/L 0.2 16.1 1.2 

181991 3/14/00 CHLOROFORM 4900 V1 5200 ' V1 UGlL 300.00 5050.00 5.94 

- 

-_ - 12691 1 2/2/00 CHLOROFORM 29 v1  27 i V1 UGlL 2.00 28.00 

3586( 10/25/00 cis-1 ,ZDICHLOROETHENE 6.7 v1 2.9 V1 UG/L 3.8 4.8 79.2 
41299 12/12/00~cis-l,2-DICHLOROETHENE 31.4 v 1  31.3 V1 UGlL 0.1 31.4 0.3 

SW13494 8/22/00 CiS-l,2-DICHLOROETHENE 1 v 1  1 V1 UGlL 0.00 1 .oo 0.00 
12691 7/27/00 cis-l,2-DICHLOROETHENE T R ~ R Z  6 4 D  V 62 D 1 UGlL 2.00 63.00 3.17 
18199 12/18/00 METHANE 156 D 190 D UGlL 34.0 173.0 19.7 
10498 2/17/00 METHYLENE CHLORIDE 62 JB JB1 15 JB I JB1 UG/L 47.00 38.50 122.08 
11891 5/5/00 METHYLENE CHLORIDE 24 JB JB 24 JB i JB UGlL 0.00 24.00 0.00 
12691 I 2/2/00 METHYLENE CHLORIDE 15 JB JB1 141 JB I JB1 UG/L 1.001 14.501 6.90 
181991 3/14/00 METHYLENE CHLORIDE : 2400 B , UJ1 2500 B UJ1 UG/L 100.00 2450.001 4.08 
18199 12/5/00 METHYLENE CHLORIDE i 23.3 JB 20.8 JB ! UG/L 2.5 22.1 1 11.3 
41299' 12/12/00 METHYLENE CHLORIDE 3.6 B JB1 2.9 B JB1 UGlL 0.7 3.31 21.5 
41591 2/16/00 METHYLENE CHLORIDE 0.2, JB JB1 0.1 JB JB1 UGlL 0.10 0.15 66.67 

12691 7/27/001 METHYLENE CHLORIDE TRITTRI 0.21 JB JB 1 25 B UJ 1 UG/L( 24.801 12.60 196.83 
891COLWEL 8/24/00 METHYLENE CHLORIDE 571 B UJ1 58 B UJ1 UGlL 1.00 57.50 1.74 

E- 1 2000Annual Table (11-1) RPDs.xIs 
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Appendix E Table 11 -1 
Relative Percent Differences (RPDs) for Groundwater 

Calendar Year 2000 

01-RF-02107 

01 Location 1 1 Analyte 
1 Real 1 2: 1 Real 1 DuP 1 F:: 1 DUP 1 Unitsl Absolute Value 1 Average 1 RPD 1 

(Real+Dup)lZ AbrVaUAveXlOO 
(Real-Dup) 

Result Valid Result Valid 
Qual Qual 

11891 5/5/00 MOLYBDENUM, Dissolved I O.4li B I V j 0.491 B ' V UGlL I 0.08 0.45 17.7e 
11891 10/24/00 MOLYBDENUM. Dissolved 1 2.15 B I UJ I 1.621 B UJ UG/L/ 0.5 1.9 28.1 
12691 2/2/00 MOLYBDENUM, Dissolved ~ 0.28 U ~ J1 0.381 B J1 UG/L/ 0.10 0.33 30.3C 
12691 7/27/00, MOLYBDENUM, Dissolved i 0.42 B UJ 0.221 U , J UG/L 0.201 0.32 62.5C 
3586 5/18/00 MOLYBDENUM, Dissolved 1 0.32 B V 1 0.53 B V I UG/L 0.21 0.43 49.41 
3586 10/25/00 MOLYBDENUM, Dissolved 1 1.42 B UJ ~ 1.44 B UJ UG/L 0.0 1.4 1.4 

41299 12/12/00 MOLYBDENUM, Dissolved ,' 2.23 B UJ1 1.94' B UJ1 UG/L' 0.3 2.1 13.E 
701931 111 1/00 MOLYBDENUM, Dissolved 0.93 B V1 0.84 B ; V1 I UG/L [ 0.09 0.89 10.17 
701931 5/10/00 MOLYBDENUM, Dissolved 1.1 B V1 1 B V1 UG/L/ 0.10 1.05 9.52 
70193 7/26/00 MOLYBDENUM, Dissolved 0.71 B UJ 1 0.93 B: UJ UGlL 1 0.22 0.82 26.83 

891COLGAL 8/24/00 MOLYBDENUM, Dissolved 1.3 B V 1.1 B , V UG/L ~ 0.20 1.20 16.67 
891COLWEL 8/24/00 MOLYBDENUM, Dissolved 3 ' 6  v 3.1 B ' V UG/L 0.10 3.05 3.28 

P209389 1/18/00 MOLYBDENUM, Dissolved 0.5 B V1 0.66 B V1 UGlL 0.161 0.58 27.59 
P209389 7/31/00lMOLYBDENUM, Dissolved 0.55 B ~ UJ1 0.56 B UJ l  UG/L I 0.01 0.561 1.80 

03861 2/10/00 MOLYBDENUM, Total 3.6 B I V1 j 3.41 , B V1 1 UG/L 0.20 3.50 5.71 

102941 7/25/00 MOLYBDENUM, Total 4.2 B V j 4.3 B i V 1 UG/L 0.10 4.25 2.35 

41 591 2/16/00 I MOLYBDENUM, Total 6.9 B V 1 5.9 B V I UG/L 1.001 6.401 15.63 
5887 5/5/00 MOLYBDENUM, Total 0.48 B V ~ 0.52 B V I UG/L . 0.041 0.501 8.00 

10498 2/21/00 NICKEL, Dissolved 2.2 B V1 1 1.7 B V I  UG/L 0.50' 1.95' 25.64 
10498 8/9/00 NICKEL, Dissolved 1.9 B V 1 1.6 B V j UG/L 0.30 1.75 17.14 
11891, 5/5/00 NICKEL, Dissolved j 0.37 B v 0.52 B V ' UG/L I 0.15 0.45 33.71 
11891 ' 10/24/00 NICKEL, Dissolved ! 1.07 B UJ 1.03 U V UG/L ~ 0.0 1.1 3.8 

e- 
----________- ' 

SW13494j 8/22/001MOLYBDENUM, Dissolved 2 8 ;  v ;  2 B  V UG/L ~ 0.00 2.00 0.00 

10294i 1/19/00 MOLYBDENUM, Total 3.6 B ~ V1 ~ 3.61 B V1 I UGlL ~ 0.00 3.60 0.00 

UGlL 1.71 8.3 ~ 20.0 23296' 10/30/00 MOLYBDENUM, Total 7.49 B \ 9.15 B ' 

' 

12691 2/2/00 NICKEL, Dissolved 1.4 0 V1 1.4 B V1 UG/L ' 0.00 1.40 0.00 
3586 5/18/00 NICKEL, Dissolved 15, B V 14.7 B I V UG/L 0.30, 14.85 2.02 
3586 10/25/00 NICKEL, Dissolved 15i B V 15.5 B 1 V UG/L 0.51 15.3, 3.3 

412991 12/12/00 NICKEL, Dissolved 1.%/ B V1 I 1.03 U V1 UG/L 0.51 1.3 39.7 
701931 1/11/00 NICKEL, Dissolved 0.61 B V1 0.67 B V1 I UG/L 0.071 0.64 11.02 

891COLWEL/ 8/24/00 NICKEL, Dissolved 12.31 B V 12.1 B I V 1 UGlL ~ 0.20 12.20 1.64 

P209389 7/31/00 NICKEL, Dissolved . 2.2 B J1 2.2 B ~ J1 UG/L I 0.001 2.20 0.00 

701931 5/10/00 NICKEL, Dissolved 0.841 B V1 0.68 B , V1 I UGlL I 0.161 0.761 21.05 
891COLGALj 8/24/00 NICKEL, Dissolved 4.51 0 v 4.4 B 1 V 1 UG/L 0.10' 4.45 2.25 

P209389 1/18/00 NICKEL, Dissolved 1.6 B V1 1.7 B i V1 ' UG/L/ 0.10 1.65 6.06 

SW13494 8/22/00 NICKEL, Dissolved 0.44 B V 0.5 B I V UG/L I 0.061 0.47 12.77 

E-7 ZOO0 Annual Table (11-1) RPDs.ds 
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Table 11-1 
Relative Percent Differences (RPDs) for Groundwater 

Calendar Year 2000 

01-RF-02107 

Average RPD Real DUP Absolute 
Lab 
Qual 

Sample Real Real Dup Dup 
Valid Date Result Valid Result (Real+DupV2 AbsVallAveX100 

Units Value 
(Rerl-Dup) 

Lab 
Qual 

Anal yte Location 

E-9 ZOO0 Annual Table (11-1) RPDs.rlr 
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Appendix E Table 11-1 01-RF-02107 
Relative Percent Differences (RPDs) for Groundwater 

Calendar Year 2000 
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ZOO0 Annual Table 111.1) DER.iIs 
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Summary of RPD and DER Results 
Groundwater 

Calendar Year 2000 

Analyte Group 
QC Criterion for Original Number of Available 
Acceptable RPD ReallDup Pairs RPDslDERs Calculations (Goal = 85%) 

Number of Acceptable Overall Precision Compliance 

or DER Value 

Organic Compounds 
Metals 
PCBs 
Radionuclides 
Water Quality Parameters 

Calculation and Display Criteria for 
Tables 11-1 and 11-2 

Ql Q2 4 3  44  Annual Ql Q2 Q3 Q4 Annual Ql Q2 Q3 Q4 Annual 

lessthan30% 467 290 580 464 1801 465 290 574 462 1791 99.6% 100.0% 99.0% 99.6% 99.4% 
lessthan30% 189 135 216 196 736 155 123 187 183 648 82.0% 91.1% 86.6% 93.4% 88.0% 

100.0% 100.0% less than 30% 7 7  7 7 
less than 1.96 39 22 41 34 136 38 22 41 34 135 97.4% 100.0% 100.0% 100.0% 99.3% 
less than 30% 25 16 17 23 81 23 15 17 21 76 92.0% 93.8% 100.0% 91.3% 93.8% 

3adionuclides 

~ 

.ab Qualifier = "U" 
leaning (Action 

I 

Drganics 

Lab Qualifier = "B" 
Meaning IAction Meaning IAction 

Lab Qualifier = "J" 

I I 

Metals 

on-detect 

Water Quality Parameters 
and 
Polychlorinated 
Biphenyls (PCBs) 

If both real and dup are "J". or if one 
" U  and one "J". DER is not displayed 

acceptable if results are less than 
CRDLs for both real and dup 

If both real and dup are "U. Activity in the method 
DER is not displayed in 7-1 blank exceeded the 
and value is counted as minimal detectable activity qualified' DER is 
acceptable (MDA). 

If real or dup is ,,B", 

shown in 7-1 
Result is estimate. in 7-1 and value is counted as 

If both real and dup are "U, 
RPD is not displayed in 7-1 
and value is counted as 
acceptable 

ondetect 

If both real and dup are "J" or "JB". or 
if one " U  and one "J" or "JB". DER is 
not displayed in 7-1 and value IS 

counted as acceptable if results are 
less than CRDLs for both real and 

Is 
If real or dup is "B". 

shown in 7-1 

Analyle in both sample and 
associated method blank 

DER Is 

dup 

If both rea' and dup are "u', 
RPD is not displayed in 7-1 
and value is counted as 
acceptable 

ondetect 

Result detected was less 
than contract required If real or dup is "B". 
detection limit (CRDL) but qualified, DER is 
greater than the instrument shown in 7-1 
detection limit (IDL). 

If both real and dup are "J". or if one 
" U  and one "J". DER is not displayec 
in 7-1 and value is counted as 
acceptable if results are less than 
CRDLs for both real and dup. 

Result is estimate. 

If both real and dup are "J". or if one 
" U  and one "J". DER is not displayec 

acceptable if results are less than 
in 7-1 and .value is counted as 

Result detected was less 
If real or dup is "B". 

detection limit (CRDL) but qualified, DER is 
greater than the instrument shown in 7-1 

If both leal and dup are "u' than contract required 

and value is counted as 
RPD is not displayed in 7-1 I I tondetect 

~ ...... LI. 

ICRDLS for both real and dup I I p i o n  limit (IDL). 

E-13 

Number of RPDslDERs 
Shown In 

Tables 11-1 and 11-2 

2000 Annual Table (11-3) RPDOER Surn.xls 



Appendix E Table 114 
Contract Required Detection Limits (CRDLs) for Groundwater Analytes - Calendar Year 2000 

Dissolved Gas Analyses 
CAS# 1 Analyte I Required Method 1 RDL I Units 

74-84-0 I Ethane I Method 8015M (GUFIO Headsp) Task Order I pglL 
74-85-1 !Ethene I Method 8015M (GUFIO Headsp) Task Order pg/L 
1333-74-0 JHydrogen 1 Method 8015M (GUFIO Headsp) Task Order pg/L 

I Method 8015M (GUFIO Headsp) Task Order pS/L 

01 -RF-02107 

E-14 
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79-01 -6 Trichloroethene SW-846 Method 8260 5 P!3/L 
75-69-4 Trichlorofluorornethane SW-846 Method 8260 5 PS/L 
75-01-4 Vinvl chloride SW-846 Method 8260 5 P W  

01-RF-02107 

E-15 2wxI Annual Table (lld) CROL..xIs 



Appendix E Table 114 01-RF-02107 
Contract Required Detection Limits (CRDLs) for Groundwater Analytes - Calendar Year ZOO0 

C A S #  I Analyte I Required Method 1 RDL I Units 
PCBlPesticides 

12674-1 1-2 [Aroclor-1016 I SW-846 Method 8082 1 0.50 j 

11 141-16-5 1Aroclor-1232 I SW-846 Method 8082 1 0.50 I @ -  

12672-29-6 IAroclor-I 248 
11097-69-1 1Aroclor-I254 
11096-82-5 _!Aroclor-l260 i SW-846 Method 8082 ' 0.50 I d L  

11 104-28-2 IAroclor-1221 I SW-846 Method 8082 I 0.50 1 PS/L 

53469-21-9 IAroclor-1242 I SW-846 Method 8082 I 0.50 I Pg/L 
I SW-846 Method 8082 I 0.50 1 PglL 
I SW-846Method 8082 0.50 1 

I I i 
C A S #  I Analyte I Required Method I RDL I Units 

E-16 2wo Annu.1 T8bl. (114) CRDL..XI. 
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14596-1 0-2 IAmeriaum-241 
10045-97-3 Cesium-I 37 
12587-46-1 Gross Alpha 
12587-47-2 Gross Beta 
13994-20-2 Neptunium-237 

Alpha Spectrometry 0.03 PCI/L 
Gamma Spectrometry 10 PCI/L 

Gas Propollional Counting 2 pC1lL 
Gas Propollional Counting 4 pC1lL 

Alpha Spectrometry 1 PCI/L 
- 

14596-1 0-2 IAmeriaum-241 
10045-97-3 Cesium-I 37 
12587-46-1 Gross Alpha 
12587-47-2 Gross Beta 
13994-20-2 Neptunium-237 

Alpha Spectrometry 0.03 PCI/L 
Gamma Spectrometry 10 PCI/L 

Gas Propollional Counting 2 pC1lL 
Gas Propollional Counting 4 pC1lL 

Alpha Spectrometry 1 PCI/L 
- 

01 -RF-02107 

I 0-1 2-8 1 ~1utonium-239/240 I Alpha Spectrometry 

I 1-10-9 jstrontium 89/90 ~ Gas Proportional Counting 

10028-17-8 ITritium Liquid Scintillation Counting 

I 1-08-5 IUranium-233/234 Alpha Spectrometry 

151 17-96-1 IUranium-235 Alpha Spectrometry 

7440-61-1 1 Uranium-238 Alpha Spectrometry 

1 Uranium-236 Alpha Spectrometry 

E-17 

0 03 I pCVL 
1 0 pC1lL 
400 pC1lL 
1 0 j pCdL 
1 0  1 PCI/L 

Task Order 1 pCl/L 
1 0  I PCI/L 

2000 Annual Tablo (1 24) CRDLs.xIs 
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- RECRLJ0487 .. - ._ .._ - . . .. .- .. . . __ - 1/18/00~00D1077-015.001 11.2-DIBROMOETHANE MS2 I 110 
RECRL 0487 1/18/00'OODl077-015.001 1 ,2-DICHLOROBENZENE MS1 99 
RECRL 0487 1/18/00 00D1077-015.001 1,2-DlCHLOROBENZENE MS2 101 
RECRL 0487 1/18/00 00D1077-015.001 1,2-DlCHLOROETHANE MS1 112 
RECRL 0487 1/18/00 OOD1077-015.001 1,2-DlCHLOROETHANE MS2 123 
RECRL 0487 1/18/00 00D1077-015.001 1,2-DICHLOROPROPANE MS1 101 
RECRL 0487 1118/00,00D1077-015.001 1,2-DICHLOROPROPANE MS2 

Table 11 -5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

%RECI I I I 1ol0001L277-015 OOLVKO52 

%REC; i 10 lOOOlL277-015 00LVK052 

%REC/ I 10~0001LZ77-015 'OOLVK052 

%RECI 10 OOOlLZ77-015 00LVK052 

%RECI I 10 OWlL277-015 00LVK052 

%REC 10 0001LZ77-015 00LVK052 

1112%REC I 10 0001E77-015 OOLVKO52 

01-RF-02107 

RECRL 0487 1/18/00 00D1077-015.001 1 ,bDICHLOROBENZENE MS1 102(%REC 10 OOOlL277-015 

RECRL 0487 I 1/18/00 00D1077-015.001 1 ,3-DICHLOROBENZENE MS2 106 %REC 1 10~0001L277-015 
RECRL 0487 1 1/18/00 00D1077-015.001 1.3-DICHLOROPROPANE MS1 106 %REC 10 OOOlLZ77-015 

. RECRLl0487 ._ .. 1/18/00~00D1077-015.001 Il,3-DICHLOROPROPANE MS2 115 %REC 10 0001K77-015 

RECRL10487 1/18/00~00D1077-015.001 11 ,4-DICHLOROBENZENE MS1 105IYoREC i ! 10 0001L277-015 

OOLVKO52 

00LVK052 

00LVK052 

OOLV 

OOLV 

Note: Soma Locations a n  not in IMP. These Locations are included because 
analyses apply Io RSulU lhal a n  from IMP Locations. 

RECRLl0487 1 1/18/00~00D1077-015.001 11.4-DICHLOROBENZENE 

E-18 2000 Annual Table (11-5) Matfix Spihes.xls 

MS2 I I12(%RECI 1 10 0001LZ77-015 (00LVK052 



Appendix E Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 

2000 Annual Table (11.6) Matrix Spikes.xIs E-19 Note: Some Locations am not in IMP. These Locations are included because 
analyses apply to msults that are from IMP Locations. 



Appendix E Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01 -RF-02107 

E-20 2000 Annual Table (11-5) Matrix SpIkos248 
Note: Some Localions am not in IMP. These Locations am included because 
analyses apply to resub that am from IMP Locations. 
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Sample 
Date 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Result Lab Valid. Detect Dilu Lab Lab 
Type Qual ation Limit t ion Sample# Batch# 

Bottle # Analyte Result Units 

01-RF-02107 

0487 7/2O/OO/OOD1385-005.001 1.3-DICHLOROPROPANE 

RECRL 0487 j 7/20/00~00D1385-005.001 1 ,4-DICHLOROBENZENE 
RECRL 0487 ' 7/20/00~00D1385-005.001 2,2-DICHLOROPROPANE 
RECRL 0487 7/20/00 I OODl385-005.001 2.2-DICHLOROPROPANE 
RECRLlO487 7/20/00~00D1385-005.001 144SOPROPYLTOLUENE 
RECRL 0487 7/20/00 I OODl385-005.001 '4-ISOPROPYLTOLUENE 
RECRL 0487 7/20/00 00D1385-005.001 BENZENE 
RECRL 0487 7/20/00 00D1385-005.001 BENZENE ' 

RECRL10487 7/20/00/00D1385-005.001 11 ,4-DICHLOROBENZENE 
--- 

RECRL 0487 7/20/00 OODl385-005.001 BENZENE, 1,2,4-TRIMETHYL 
RECRL 0487 7/20/00 00D1385-005.001 BENZENE, 1.2,CTRIMETHYL 
RECRL 0487 7/20/00 00D1385-005.001 BENZENE, 1,3,5-TRIMETHYL- 
RECRL10487 7/20/00 00D1385-005.001 BENZENE, 1,3,5-TRIMETHYL- 
RECRLl0487 1 7/20/00 00D1385-005.001 BROMOBENZENE 1 - 
RECRL10487 ~ 7/20/00 OOD1385-005.001 BROMOBENZENE 
RECRL 0487 7/20/00 00D1385-005.001 BROMOCHLOROMETHANE 

7/20/00 OODl385-005.001 I BROMOCHLOROMETHANE RECRL 0487 
RECRL 0487 7/20/00 OOD1385-005.001 BROMODICHLOROMETHANE 
RECRL 0487 7/20/00 OODl385-005.001 BROMODICHLOROMETHANE 

7/20/00 00D1385-005.001 BROMOFORM 
7/20/00 00D1385-005.001 BROMOFORM 

RECRLl0487 
RECRLi0487 
RECRLI 0487 1 7/20/00 OODl385-005.001 BROMOMETHANE 
RECRLi0487 7/20/00 OODI 385-005:OOl BROMOMETHANE 

7/20/00 OOD1385-005.001 ,CARBON TETRACHLORIDE - RECRLi0487 ._ 
RECRL10487 ' 7/20/00~00D1385-005.001 CARBON TETRACHLORIDE 

7/20/00 OOD1385-005.001 CHLOROBENZENE 
RL 0487 7/20/00 0001385-005.001 CHLOROBENZENE 
RL 0487 

RECRL 0487 
RECRLl0487 ' 7/20/00 OODl385-005.001 CHLOROETHANE 

- 
7/20/00 00D1385-005.001 CHLOROETHANE 

RECRL 0487 7/20/00 OODl385-005.001 CHLOROFORM 
RECRL 0487 7/20/00 OODl385-005.001 CHLOROFORM 
RECRL 0487 I 7/20/00 1 OODl385-005.001 CHLOROMETHANE 
RECRL 0487 7/20/00 OODl385-005.001 I CHLOROMETHANE 
RECRL 0487 7/20/00 OODl385-005.001 cis-1 ,ZDICHLOROETHENE 

7/20/00 OODl385-005.001 cis-1 ,2-DICHLOROETHENE 
7/20/00 OODl385-005.001 cis-1 .3-DICHLOROPROPENE 

RECRL10487 7/20/00 00D1385-005.001 cis-l,3-DICHLOROPROPENE 
RECRL!0487 , 7/20/00 00D1385-005.001 DIBROMOCHLOROMETHANE 
R E C R L / O ~ ~ ~  ' 7/20/00 00D1385-005.001 I DIBROMOCHLOROMETHANE 
RECRL 0487 7/20/00 OODl385-005.001 DIBROMOMETHANE 
RECRL 0487 7/20/00 00D1385-005.001 DIBROMOMETHANE 
RECRL 0487 7/20/00 00D1385-005.001 DICHLORODIFLUOROMETHANE 
RECRL 0487 7/20/00 00D1385005.001 DICHLORODIFLUOROMETHANE 
RECRfl0487 I 7/20/00 OODl385-005.001 ETHYLBENZENE 
RECRL-0487 ~ 7/20/00 00D1385-005.001 ETHYLBENZENE 
RECRL 0487 7/20/00 0001 385-005.001 HEXACHLOROBUTADIENE 
RECRL 0487 7/20/00 OOD1385-005.001 HEXACHLOROBUTADIENE 
RECRL10487 7/20/00 00D1385-005.001 ISOPROPYLBENZENE 

RECRL 0487 
RECRL10487 

RECRL 0487 7/20/00 00D1385005.001 ISOPROPYLBENZENE 

RECRL 0487 7/20/00 0001385-005.001 METHYLENE CHLORIDE 
RECRL.0487 7/20/00 00D1385-005.001 METHYLENE CHLORIDE 

7/20/00 OODl385-005.001 NAPHTHALENE 
7/20/00 00D1385-005.001 NAPHTHALENE 
7/20/00 OODl385-005.001 n-BUTYLBENZENE 

RECRL 0487 7/20/00 OODl385005.001 n-BUTYLBENZENE 
RECRL 0487 7/20/00 00D1385005.001 n-PROPYLBENZENE 

MD1 1 99/%REC( j ! ; 5/0007L020-002 jOOLVK312 

MD1 I 115 %RECI i i 1 5 0007LO20-002 iOOLVK312 

MD1 I 103 %RECI 1 1 5 0007LO20-002 00LVK312 

MSI 1 105 %RECI I . 5 0007LO20-002 00LVK312 

MS1 1 104 %RECI, 5 0007LO20-002 lOOLVK312 

MD1 ' 105 %REC 5 0007LO20-002 00LVK312 

MS1 108 %REC 5 0007L020-002 00LVK312 

MD1 111 %REC , i 5 0007L020-002 00LVK312 

MS1 I 112 %RECI I I 1 5 0007LO20-002 100LVK312 

MS1 105 %REC 1 I 1 5 Ooo7~020-002 0 0 ~ ~ ~ 3 1 2  

MD1 108 %REC I 5 0007LO20-002 00LVK312 

MS1 116 %REC I 5 0007LO20-002 IOOLVK312 

MD1 121 %REC 1 I i I 5 0007LO20-002 100LVK312 

MS1 102 %REC ~ I 1 5 0007LO20-002 iOOLVK312 

MS1 111 %REC 5 0007LO20-002 IOOLVK312 

MD1 112 %REC I 5 10007L020-002 00LVK312 

MS1 109 %REC 5 0007LO20-002 00LVK312 

MD1 110 %REC 5 0007LO20-002 00LVK312 

MS1 102 %REC 5 0007LO20-002 00LVK312 

MD1 103 %REC , 5 0007LO20-002 00LVK312 

l MD1 89 %RECl ! 5 0007L020-002 jOOLVK312 

MS1 91IOhREC 5 0007LO20-002 OOLVK312 

MS1 129 %REC 5 0007L020-002 00LVK312 

5 0007LO20-002 '00LVK312 

. MD1 ' 106 %REC' I 5 0007L020-002 00LVK312 

MS1 107 %REC I 5 0007L020-002 00LVK312 

MD1 85 %REC-- 1 i 5 0007LO20-002 00LVK312 

5 0007LO20-002 00LVK312 

MS1 110 %REC 5 0007LO20-002 00LVK312 

MD1 113 %REC 5 0007LO20-002 00LVK312 

MS1 111 %REC 5 0007L020-002 00LVK312 

MD1 118 %REC I 5 0007LO20-002 00LVK312 

MS1 104 %REC 5 0007LO20-002 00LVK312 

MD1 106 %REC 5 0007L020-002 00LVK312 

MSl  102 %REC 5 0007L020-002 00LVK312 

MD1 103 %REC 5 0007L020-002 00LVK312 

, MD1 112,%REC: 5 0007LO20-002 00LVK312 

MS1 112'%REC/ i I 5 0007LO20-002 00LVK312 

MS1 109 %REC 5 0007LO20-002 IOOLVK312 

MD1 111 %REC 5 0007L020-002 00LVK312 

MD1 108 %REC 5 0007LO20-002 00LVK312 

MS1 108 %REC 5 0007L020-002 00LVK312 

MD1 112 %REC ~ 5 0007L020-002 00LVK312 

MSI  112 %REC 5 0007L020-002 00LVK312 

MS1 107 %REC 5 0007LO20-002 00LVK312 

MD1 108 %REC, 5 0007LO20-002 00LVK312 

MS1 104 %REC 5 0007LO20-002 00LVK312 

! 5 0007LO20-002 IOOLVK312 MD1 ' 106j%REC i 

MD1 131 %RECI i 1 

MS1 119 %REC/ 

MD1 i 108 %REC/ ! 5 0007LO20-002 00LVK312 

MD1 56 %REC 5 0007LO20-002 00LVK312 

5 0007L020-002 00LVK312 

MS1 86 %REC 5 0007L020-002 00LVK312 

MD1 98 %REC 5 0007L020-002 00LVK312 

MS1 102,%REC 5 0007LO20-002 00LVK312 

MD1 107 %REC 5 0007L020-002 00LVK312 

I MS1 82 %REC 

MD1 111 %REC I 5 0007LO20-002 00LVK312 

Nom: Some Locationa am not in IMP. These Locations am included hcause 
analyses apply to msulu that am from IMP Locations. bo'> 

E-2 1 2000 Annul  Table (11-51 W l x  Splhes.xls 



Appendix E 

Result Lab Valid Detect Dilu 
Date Type Qual ation Limit tion 

Bottle # Analyte Result Units 
Sample 

Lab Location 

RECRLl0487 ( 7/20/00~00D1385-005.001 in-PROPYLBENZENE 
RECRL10487 7/20/00~00D1385-005.001 10-CHLOROTOLUENE I MS1 I 101 %RECI I I 510007L02o-M)2 IOOLVK312 

RECRL10487 I 7/20/00 00D1385-005.001 10-CHLOROTOLUENE I MD1 112 %REC/ i 5 10007L020-002 (00LVK312 
RECRLl0487 1 7/20/00 OOD1385-005.001 /p-CHLOROTOLUENE I MD1 1 109 %RECI I ( 5 0007L020-002 (OOLVK312 

RECRLl0487 1 7/20/00 0001 385-005.001 I p-CHLOROTOLUENE I MS1 I 111 %RECI 1 5 0007L020-002 (00LVK312 
RECRLi0487 f 7/20/00(00D1385-005.001 IPROPANE, 1,2-DIBROMO-3-CHLORO- 1 MD1 I 98 %RECI 1 5 0007L020-002 (OOLVK312 
RECRL(0487 I 7/20/00~00D1385-005.001 IPROPANE, 1.2-DIBROMO-3-CHLORO-! MS1 101 1 %RECI i 5 0007LO20-002 IOOLVK312 

RECRL(0487 1 7/20/00 0001385-005.001 isec-BUTYLBENZENE I MD1 110 %REC' 1 510007L020-002 100LVK312 

RECRL10487 7/20/00 00D1385-005.001 !STYRENE I MD1 111 %REC 1 510007LO20-002 /00LVK312 

RECRL10487 7/20/00 0001385-005.001 tert-BUTYLBENZENE ( MS1 114 %REC 1 5~0007L020-002 IOOLVK312 

RECRLl0487 7/20/00 00D1385-005.001 tert-BUTYLBENZENE 1 MD1 116 %REC 1 5~0007L020-002 IOOLVK312 

RECRLlO487 7/20/00 OODl385-005.001 TETRACHLOROETHENE I MS1 109 %REC 1 5 0007LO20-002 iOOLVK312 

RECRL(0487 7/20/00 OODl385-005.001 TETRACHLOROETHENE I MD1 113 %REC 1 5 0007L020-002 IOOLVK312 

~ ~ ~ ~ ~ 1 0 4 8 7  7/20/00 00D1385-005.001 TOLUENE 1 MD1 107 %REC I 5 0007L020-002 IOOLVK312 

RECRL10487 7/20/00 OODl38~005.001 TOLUENE I MS1 108)%RECI 1 I 5 0007L020-002 /00LVK312 

1 5 0007L020-002 00LVK312 

RECRL(0487 7/20/00 00D1385-005.001 TOTAL XYLENES 1 M D ~  110 %REC~ j 1 5 0007L020-002 00LVK312 

RECRL!0487 I 7/20/00 OODl385-005.001 itrans-l,2-DICHLOROETHENE MD1 114 'XoREC I ~ 5 0007LO20-002 IOOLVK312 

RECRL 0487 7/20/00'00D1385-005.001 trans-l,3-DICHLOROPROPENE MS1 94 %REC' i 5'&07LOZhO2 '00LVK312 

7/20/00 00D1385-005.001 trans-1.3-DICHLOROPROPENE MD1 1 96 %REC 1 5 0007L020-002,00LVK312 

7/20/00 OODl385-005.001 TRICHLOROETHENE MS1 I 131 %REC 5 0007L020-002 00LVK312 

7/20/00 1 OODl385-005.001 TRICHLOROETHENE MD1 I 158 %REC 5 0007LO20-002 OOLVK312 

7/20/00 OODl385-005.001 TRICHLOROFLUOROMETHANE MS1 I 120 %REC 5 0007LO20-002 00LVK312 

I RECRLi0487 7/20/00 OODl385-005.001 Isec-BUTYLBENZENE i MS1 I 104 %RECI 1 ! i 5 0007L020-002 IOOLVK312 

RECRL10487 7/20/00 OOD1385-005.001 [STYRENE 1 MS1 103 %REC I i j 5)0007L020-002 (OOLVK312 

RECRL10487 7/20/00 00D1385-005.001 TOTAL XYLENES I MS1 108 %REC( 

RECRLl0487 1 7/20/00 00D1385-005.001 Itrans-l,2-DICHLOROETHENE 1 MS1 108 %REC ! I 5 0007L020-002 00LVK312 

~ ----- 
, 

RECRL 0487 
RECRL 0487 
RECRL 0487 
RECRL 0487 
RECRLlO487 7/20/00 OODl385-005.001 TRICHLOROFLUOROMETHANE MD1 1 1221%REC 
RECRLl0487 7/20/00 00D1385-005.001 VINYL CHLORIDE MS1 1 109 %REC 

MD1 I 113 %REC 5 0007L020-002 00LVK312 RECRL 0487 1 7/20/00 00D1385-005.001 VINYL CHLORIDE 
~RECRL 05391 I 111 l/OO(OOD1062-009.001 1,1.1,2-TETRACHLOROETHANE MS1 I 102 %REC 1 1 0001 UO3-008 99LVK022 

\ 1 OOOlUO3-008 99LVK022 ~RECRL 05391 1/11/00~00D1062-009.001 1,1,1,2-TETRACHLOROETHANE ; MS2 104! YoREC! 1 1 j 
RECRL105391 . i 111 1/00(00D1062-009.001 1 ,1 ,1-TRICHLOROETHANE ( MS1 107 %RECi 1 1  I 1 1 OOOlL203-008 99LVK022 

1 MS2 115 %REC[ I 1 10001U03.008 j99LVK022 

RECRL105391 I 1/11/00~00D1062-009.001 1,1.2,2-TETRACHLOROETHANE I MS2 I 100 %REC/ 1 1 i 1 OOOlL203-008 199LVK022 

111 1/00 OOD1062-009.001 1,1.2,2-TETRACHLOROETHANE MS1 101 %REC 1 1 0001 UO3-008 99LVK022 

1/11/00 00D1062-009.001 1,l .2-TRICHLOROETHANE MS1 101 %REC 1 1 OOOlUO3-008 99LVK022 

1 OOOlL203-008 99LVK022 

RECRL105391 I 1/11/00 OOD1062-009.001 1,l-DICHLOROETHANE MS1 104 %REC 1 1 0001LZO3-008 99LVKO22 

RECRL 05391 1 111 1/00 00D1062-009.001 11.1-DICHLOROETHANE MS2 112 %REC 1 1 OOOlUO3-008 99LVKO22 

RECRL 05391 I 1/11/00 OOD1062-009.001 1,l-DICHLOROETHENE MS1 99 %REC 1 :  1 0001 UO3-008 99LVK022 

RECRL 05391 1/11/00 00D1062-009.001 1.1-DICHLOROETHENE MS2 108 %REC 1 1 OOOlUO3-008 99LVK022 

RECRL 05391 111 1/00 OOD1062-009.001 1,l-DICHLOROPROPENE MS1 106 %REC * 1  1 0001U03-008 99LVKO22 

RECRL 05391 111 1/00 00D1062-009.001 1,l-DICHLOROPROPENE MS2 108 %REC 1 1 0001U03-008 99LVK022 

RECRL105391 1 111 1/00 00D1062-009.001 1,2,3-TRICHLOROBENZENE MS2 103 %REC 1 1  1 0001U03-008 99LVKO22 

RECRL105391 1 111 1/00 00D1062-009.001 1,2,3-TRlCHLOROBENZENE MS1 103 %REC , 1 I 1 OOOlUO3-008 99LVKO22 

RECRL105391 1 1/11/00~00D1062-009.001 /l,l,l-TRICHLOROETHANE 1 1 

RECRL105391 
RECRL105391 
RECRL105391 1/11/00 00D1062-009.001 1,l .2-TRICHLOROETHANE MS2 I 103 %REC 1 ,  

RECRL105391 1/11/00 00D1062-009.001 11.2.3-TRICHLOROPROPANE I MS2 961%REC 1 1 oooiu03-008 ' 9 9 ~ ~ ~ 0 2 2  

RECRL 05391 1/11/00 OOD1062-009.001 1,2,3-TRICHLOROPROPANE MS1 101 %REC 1 1 OOOlU03-008 99LVKO22 

RECRL 05391 111 1/00 OOD1062-009.001 1,2,4-TRICHLOROBENZENE MS1 92 %REC 1 ', 1 OOOlUO3-008 99LVKO22 

RECRL 05391 111 1/00 00D1062-009.001 1,2,4-TRICHLOROBENZENE MS2 101 %REC 1 !  1 OOOlUO3-008 99LVK022 

RECRL 05391 . I 111 1/00~00D1062-009.001 1,2-DlBROMOETHANE MS1 97 %REC 1 i 1 ~0001LZO3-008 99LVK022 

RECRL105391 1/11/00 OOD1062-009.001 1.2-DIBROMOETHANE I MS2 97 %REC I 1 ' 1 OOOlUO3-008 99LVK022 

RECRL105391 ' 111 1/00 OOD1062-009.001 1,2-DICHLOROBENZENE MS1 100 %REC 1 1 OOOlU03-008 99LVKO22 

RECRL105391 111 1\00 OOD1062-009.001 1,2-DlCHLOROBENZENE MS2 101 %REC 1 
RECRL105391 I 111 1/00(00D1062-009.001 ' 1 ,2-DICHLOROETHANE MS1 1 104 %REC( 1 
RECRLl05391 I 111 1/00~00D1062-009.001 [1.2-DICHLOROETHANE I MS2 113.%RECI , 1 , 
RECRLl05391 I 111 1/00)00D1062-009.001 11.2-DICHLOROPROPANE 1 MS1 1 100 %RECI I 1 I 1 OOOlUO3-008 199LVK022 

E-22 tWO Annual Table (11.5) Matrlx Splkns.xls 
Note: Some Locations am not in IMP. These Locations am included because 
analyses apply to results that am from IMP Locations. 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 



Appendix E Table 11-5 01-RF-02107 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

I *--,_.A- IResultl ---..,.I ,._~I_ I Lab I Valid] Detect1 Dilul Lab I Lab 1 

1/11/00~00D1062-009.001 [1.3-DICHLOROPROPANE I MS2 [ 971 %REC-- [ 1 1 - - I  7 4 I MS1 991OhREC 1 1 I 1 1 
REC-91 i 111 1/00 /00D1062-009.001 11 ,4-DICHLOROBENZENE I MSl ' 971%REC' 1 1  1 1 

RECRL105391 . 1 1/11/00 00D1062-009.001 2,ZDICHLOROPROPANE MS1 111 %RECI 1 I 1 
RECRL105391 1 1/11/00 OOD1062-009.001 2,2-DICHLOROPROPANE MS2 111 %REC 1 1 
RECRL105391 1 111 1/00 00D1062-009.001 44SOPROPYLTOLUENE I MS1 104 %REC 1 1 
RECRLI 05391 1 1 / I  1/00 OODlO62-009.001 44SOPROPYLTOLUENE I MS2 107 %REC 1 1 

RECRL105391 
RECRLi05391 111 1/00 lOOD1062-009.001 ~1,3-DICHLOROPROPANE 

RECRL105391 1 111 1/00~00D1062-009.001 11,4-DICHLOROBENZENE MS2 , 102I%REC ~ 1 I 1 1 

I MIldlytt! 
mesuit units I Qual I ation I Limit I tion I Sample t# I Batch # 

D U L L l t :  tt I Date I Type I 
L 05391 1 1/11/00 OOD1062-009.001 I1,2-DICHLOROPROPANE I M  ' 

O O O ~ L ~ O ~ - O O ~ ) ~ ~ L V K O ~ ~  

OOOlL203-008 i99LVK022 

OOOlL203-008 199LVK022 

o o o i ~ ~ 0 3 - 0 0 8 ~ 9 9 ~ ~ ~ 0 2 ~  

OOOlL203-008 99LVKO22 

OOOlL203-008 99LVK022 

0001 U03-008 99LVK022 

0001 L203-008 99LVK022 

I I 1 l0001L203-008 199LVK022 S2 1 101J%RECl 1 1 I 

RECRL/05391 1 1/11/00 00D1062-009.001 BENZENE I MSI I 1 0 0 1 % ~ ~ ~  
RECRLi05391 I 1/11/00 00D1062-009.001 BENZENE 1 MS2 1 102l%REC 
RECRLJ05391 1 1/11/00 OOD1062-009.001 BENZENE, 1,2,4-TRlMETHYL i MS1 102I%REC 
___-. 

i 111 1/00~00D1062-009.001 11 ,3-DICHLOROBENZENEp 1 MS2 1 991%RECI 1 1  I I 1 ~0001UO3-008 !99LVK022 

111 1/00~00D1062-009.001 11 .3-DICHLOROBENZENE 1 MS1 1 1021%REC[ ( 1  I I 1 [OOOlL203-008 199LVK022 

1 I 110001UO3-008 99LVK022 

1 1 lOOOlL203-008 99LVK022 

1 1 0001 L203-008 99LVK022 

RECRLj05391 1 1/11/00 OOD1062-009.001 BENZENE, 1 ,2,4-TRIMETHYL ! MS2 1 103I%REC! ! 1 

Nota: Some Locations a n  not in IMP. These Locations am included because 

I 1 0001L203-008 99LVK022 

analyssr apply Io  nrulu that a n  from IMP Locations. b q  

RECRLl05391 j 1/11/00~00D1062-009.001 
RECRL 05391 I 1/11/00 00D1062-009.001 
RECRL,05391 i 1/11/00 OOD1062-009.001 
RECRL 05391 1 1/11/00 OOD1062-009.001 
RECRL 05391 I 111 1/00 00D1062-009.001 
RECRL 05391 I 1/11/00 00D1062-009.001 
RECRL 05391 111 1/00 OOD1062-009.001 
RECRL 05391 1/11/00 00D1062-009.001 

E-23 

BENZENE, 1,3,5-TRlMETHYL- I MS2 I . 102l%REC 1 1  I 1 OOOlL203-008 99LVK022 

'BENZENE, 1,3,5-TRIMETHYL- 1 MS1 [ 106 %REC 1 j  1 OOOlU03-00a' 99LVK022 

,BROMOBENZENE 1 MS2 I 101,%REC 1 )  , 1 OOOlUO3-008 199LVKO22 

BROMOBENZENE MS1 106 %REC 1 1  1 0001U03-008 99LVKO22 

BROMOCHLOROMETHANE MS1 97 %REC 1 1 0001L203-008 99LVK022 

BROMOCHLOROMETHANE MS2 104I%REC 1 1 0001L203-008 99LVKO22 

BROMODICHLOROMETHANE MS1 109 %REC 1 1 OOOlL203-008 99LVK022 

1 0001 U03-008 99LVKO22 BROMODICHLOROMETHANE 'MS2 110 %REC I 1 

2oW Annual Table (11.5) Mamr Spikerxls 

RECRL 05391 1/11/00 OOD1062-009.001 [BROMOFORM MS1 104 %REC 1 1 1 
RECRL 05391 1/11/00~00D1062-009.001 BROMOFORM MS2 105 %REC 1 1  1 

1/11/00~00D1062-009.001 BROMOMETHANE MS1 95 %REC' 1 1 
L 05391 ~ 111 1/00(00D1062-009.001 BROMOMETHANE MS2 114 %REC 1 I 1 

, MS1 0 %REC, I 1 I 1 
RECRL105391 1 1/11/00 OOD1062-009.001 CARBON TETRACHLORIDE MS2 162 %REC 1 ,  1 
RECRL(05391 111 1/00 OOD1062-009.001 CHLOROBENZENE MS2 95 %REC 1 1 
RECRL 05391 1/11/00 OOD1062-009.001 ICHLOROBENZENE MS1 96 %REC 1 1  1 

1/11/00 00D1062-009.001 CHLOROETHANE MS2 112 %REC 1 1 
RECRL 05391 1/11/00 00D1062-009.001 CHLOROETHANE 1 MSl 114 %REC 1 1 
RECRL.05391 111 1/00 00D1062-009.001 CHLOROFORM' MS1 89 %REC 1 1 
RECRL 05391 111 1/00 OOD1062-009.001 CHLOROFORM MS2 108 %REC 1 1 
RECRL 05391 111 1/00 00D1062-009.001 CHLOROMETHANE MS1 90 %REC 1 1 
RECRLi05391 111 1/00 00D1062-009.001 CHLOROMETHANE MS2 , 113 %REC 1 1 
RECRLl05391 1/11/00 OOD1062-009.001 cis-1,2-DICHLOROETHENE MS1 95 %REC' 1 1 
RECRL'05391 i 111 1/00 00D1062-009.001 cis-l,2-DICHLOROETHENE ; MS2 107 %REC , 1 1 
RECRL 05391 I 111 1/00,00D1062-009.001 ,cis-1 ,3-DICHLOROPROPENE MS1 ! 94 %REC 1 , 

RECRL 05391 1 111 1/00 OODlO62-009.001 1 cis-1 .3-DICHLOROPROPENE I MS2 98 %REC 1 ,  I 1 
RECRL 05391 1/11/00 OODlO62-009.001 DIBROMOCHLOROMETHANE MS1 105 %REC 1 I 1 
RECRL 05391 111 1/00 00D1062-009.001 DIBROMOCHLOROMETHANE MS2 105 %REC 1 1 
RECRL 05391 1/11/00 00D1062-009.001 DIBROMOMETHANE MS1 102 %REC 1 1 
RECRL 05391 111 1/00 OOD1062-009.001 DIBROMOMETHANE MS2 ,104 VOREC 1 1 
RECRL 05391 111 1/00 OODlO62-009.001 DICHLORODIFLUOROMETHANE MS2 '.74 %REC 1 1 
RECRL 05391 111 1/00 OODlO62-009.001 DICHLORODIFLUOROMETHANE M S 1 ~  84 %REC 1 I 1 
RECRL 05391 1/11/00 00D1062-009.001 ETHYLBENZENE MS2 95 %REC 1 1 
RECRL 05391 1/11/00 00D1062-009.001 ETHYLBENZENE .' MS1 98 %REC ' 1 1 
RECRL 05391 111 1/00 00D1062-009.001 HEXACHLOROBUTADIENE ' .MS1 98 %REC 1 1 
RECRL 05391 1 1/11/00 00D1062-009.001 HEXACHLOROBUTADIENE .US2 104 %REC 1 1 
RECRL 05391 I 1/11/00 lOOD1062-009.001 I ISOPROPYLBENZENE MS2 99 %REC 1 1 

1/11/00 OOD1062-009.001 ISOPROPYLBENZENE MS1 100 %REC 1 1 
111 1/00 00D1062-009.001 METHYLENE CHLORIDE MS2 94 %REC 1 1 
1/11/00 00D1062-009.001 METHYLENE CHLORIDE MS1 129 %REC 1 1 

I III iioo/nn~1o~2-oo~.nn1   NAPHTHALENE MSl 66 %REC 1 1 

RECRL 05391 

L,05391 I 1/11/00 OOD1062-009.001 CARBON TETRACHLORIDE 

RECRL 05391 

- 

OOOlL203-008 99LVKO22 

0001 L203-008 99LVKO22 

OOOlL203-008 199LVKO22 

OOOlL203-008 99LVKO22 

0001L203-008 99LVKO22 

OOOlL203-008 99LVK022 

OOOlUO3-008 99LVK022 

OOOlU03-008 99LVK022 

OOOlL203-008 99LVK022 

0001 L203-008 99LVK022 

OOOlUO3-008 99LVK022 

10001UO3-008 99LVK022 

0001 L203-008 99LVKO22 

OOOlUO3-008 99LVK022 

10001L203-008 99LVK022 

/0001L203-008 199LVK022 

110001UO3-008 99LVK022 

10001UO3-008 99LVK022 

~OOOlL203-008 99LVK022 

10001UO3-008 99LVK022 

10001U03-008 99LVK022 

10001U03-008 99LVK022 

0001 UO3-008 99LVK022 

OOOlU03-008 99LVK022 

OOOlU03-008 99LVK022 

OOOlL203-008 99LVKO22 

0001U03-008 99LVK022 

0001 U03-008 99LVK022 

'0001UO3-008 99LVK022 

0001 UO3-008 99LVK022 

0001 LZO3-008 99LVK022 

0001 L203-008 99LVK022 

0001 U03-008 99LVK022 



Appendix E 

Sample 
Date 

RECRL 05391 1 111 1/00 

Lab Location 

RECRL(05391 1 111 1/00 
RECRLl05391 I 111 1/00 
RECRL105391 j 1/11/00 
RECRL105391 I 111 1/00 

RECRLl05391 111 1/00 
RECRL105391 111 1/00 
RECRLl05391 , 111 1/00 

RECRL105391 111 1/00 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Result Bottle # Analyte Result Units 
Type 

1 1 10001L203-008 199L j MS2 68 YoREC 1 I OOD1062-009.001 INAPHTHALENE 
00D1062-009.001 In-BUTYLBENZENE 1 MS1 I 106I%REC ! 1 i 1 1 (0001~03.008 199L 
00D1062-009.001 In-BUTYLBENZENE I MS2 1081%RECl 1 1 1 I 1 )0001L203-008 199LVK022 

OOD1062-009.001 In-PROPYLBENZENE I MS2 I 100 %RECI 1 1  I I 1 )OOOlL203-008 !99LVK022 

00D1062-009.001 In-PROPYLBENZENE I MS1 I 103 %RECI j 1 I j 1 10001L203-008 199LVK022 

OOD1062-009.001 0-CHLOROTOLUENE MS2 I 101 %REC 1 1 I 1 OOOlU03-008 199LVK022 

00D1062-009.001 p-CHLOROTOLUENE MS2 98 %REC 1 1  I 1 0001U03-008 199LVK022 

OOD1062-009.001 Ip-CHLOROTOLUENE MS1 100 YoREC ' 1 1 1 0001L203-008199LVK022 

00D1062-009.001 0-CHLOROTOLUENE MS1 1 100 %REC' 1 1 1 I I ~ 0 0 0 l L 2 0 3 - 0 0 8 ~ 9 9 ~ ~ ~ 0 2 2  

01 -RF-02 IO7 

RECRL105391 ! 1/11/00~00D1062-009.001 i PROPANE, 1,2-DIBROMO-3-CHLORO- MS1 90 YoRECj 1 1  j 1 ( o o o 1 ~ 0 3 - 0 0 8 1 9 9 ~ ~ ~ 0 ~ ~  

Note: Some Locations are not in IMP. Thais Locations am included because 
analyses apply to resulu that am from IMP Locations. 

RECRL105391 ! 1/11/00 1 I- 1 10ooi~~o3-008 [ ~ ~ L V K O Z Z  

MS2 117 YoREC I 1 ! 1 1 ~ o o o i ~ ~ 0 ~ - 0 0 8  1 9 9 ~ ~ ~ 0 2 2  RECRL105391 1/11/00 OOD1062-009.001 sec-BUTYLBENZENE 
RECRLi05391 I 1/11/00 00D1062-009.001 lsec-BUTYLBENZENE 1 MS1 I 111 %REC j 1  I j 1 I0001L203-008 199LVKO22 

RECRL 05391 111 1/00 00D1062-009.001 STYRENE MS1 98 %REC I 1 1 I 1 OOOlL203-008 199LVK022 

RECRL 05391 111 1/00 00D1062-009.001 STYRENE MS2 981%REC 1 1  1 ' 1 0001U03-008 199LVK022 

RECRL 05391 111 1/00 OOD1062-009.001 tert-BUTYLBENZENE MS1 1041%REC I 1 I 1 0001 UO3-008 199LVK022 

1 oooi~03-008 1 9 9 ~ ~ ~ 0 2 2  RECRL 05391 111 1/00 OOD1062-009.001 tert-BUTYLBENZENE MS2 108 I YoREC 1 1  
RECRL105391 I 1/11/00 00D1062-009.001 ,TETRACHLOROETHENE MS1 0 %REC 1 1  1 1 0001U03-008 99LVKO22 

RECRL105391 111 1/00 oo~io62-009.00i ~TETRACHLOROETHENE MS2 63 %REC 1 1 1 1 OWlL203-008 99LVK022 

RECRLl05391 111 1/00 00D1062-009.001 ITOLUENE MS1 1 94 %REC 1 I 1 1 OOOlL203-008 99LVK022 

RECRL105391 ; 1/11/00 00D1062-009.001 TOLUENE 1 MS2 I 94 %REC 1 1 I 1 1 OOOlL203-008 199LVK022 

RECRL105391 1/11/00 00D1062-009.001 TOTAL XYLENES I MS2 97 %REC 1 ' 1 1OOOlUO3-008199LVK022 

1/11/00 00D1062-009.001 TOTAL XYLENES 1 MS1 100 %REC 1 1 0001 U03-008 99LVK022 

RECRL105391 1/11/00 OODlO62-009.001 I trans-l,2-DICHLOROETHENE I MS1 99 %REC 1 1 0001 L203-008 99LVK022 

RECRL(05391 1 1/11/00 00D1062-009.001 Itrans-l,2-DICHLOROETHENE MS2 107 %REC 1 1  1 0001 UO3-008 99LVK022 

MS2 90 %REC 1 1 0001 L203-008 99LVKO22 

- 

RECRL105391 

RECRL105391 111 1/00 00D1062-009.001 trans-l,3-DICHLOROPROPENE 
RECRL 05391 1/11/00 00D1062-009.001 trans-l,3-DICHLOROPROPENE MS1 91 %REC 1 1 0001U03-008 99LVK 

1 0001U03-008 99LVK RECRL 05391 111 1/00 )00D1062-009.001 TRICHLOROETHENE MS1 73 %REC 1 
MS2 I 102 %REC 1 1 OOOlU03-008,99LVKO22 

MSl 110 %REC 1 1 OOOlU03-008 99LVKO22 

RECRL 05391 1/11/00 OODlO62-009.001 TRICHLOROFLUOROMETHANE MS2 110 %REC 1 1 OOOlUO3-008 99LVK022 

1 1 0001 U03-008 99LVK022 

1 1 0001UO3-008 99LVK022 

1 )0008L038-005 00LVK314 

RECRLllO294 1 7/25/00 00D1394-005.001 1.1,1,2-TETRACHLOROETHANE MS1 107 %REC ' 1 ~0008L03&005 IOOLVK314 

MD1 101 %REC 1 0008L038-005 00LVK314 

MS1 113 %REC 1 0008L03EO05 00LVK314 

RECRL 10294 7/25/00 OODl3~-005.001 l11.2,2-TETRACHLOROETHANE MD1 102 %REC 1 0008L038-005 00LVK314 

7/25/00 00D1394-005.001 1,1,2,2-TETWCHLOROETHANE MS1 103 %REC . 1 0008L038-005 00LVK314 

RECRL 10294 I 7/25/00 OODl394-005.001 1,l.P-TRICHLOROETHANE MD1 95 %REC 1 0008L038-005 00LVK314 

MS1 100 %REC 1 0008L03&005 00LVK314 

RECRLllO294 I 7/25/00 00D1394-005.001 1,l-DICHLOROETHANE MD1 100 %REC 1 0008L038005 00LVK314 

RECRLI 10294 I 7/25/00~00D1394-005.001 1,l-DICHLOROETHANE MS1 113 %REC 1 0008L038-005 00LVK314 

MD1 93 %REC 1 0008L038-005 00LVK314 

' 7/25/00 OODl394-005.001 11 ,I-DICHLOROETHENE I MS1 I 110 %REC 1 0008L038-005 00LVK314 

RECRLi 10294 7/25/00 OODl394-005,001 I1,l-DICHLOROPROPENE I MD1 I 96 %RECI , 1 0008L038-005 (00LVK314 

RECRL/ 10294 7/25/00 OOD1394-005.001 11 ,l-DICHLOROPROPEME I MS1 I 105 %REC I I I 1 0008L038-005 00LVK314 

81 %REC 1 0008L038-005 00LVK314 RECRLl10294 7/25/00 00D1394-005.001 ~1,2,3-TRICHLOROBENZENE I MS1 I 
RECRLI 10294 7/25/00 00D1394-005.001 I1.2,3-TRICHLOROBENZENE I MD1 I 88 %REC 1 0008L038-005 00LVK314 

RECRL 05391 1 111 1/00 00D1062-009.001 TRICHLOROETHENE 
RECRL 05391 1/11/00 OOD1062-009.001 TRICHLOROFLUOROMETHANE 

RECRL 05391 111 1/00 00D1062-009.001 VINYL CHLORIDE MS 1 89 %REC 
RECRL 05391 1/11/00 00D1062-009.001 VINYL CHLORIDE MS2 107 %REC 
RECRL. 10294 1 7/25/00 00D1394-005.001 1,1,1 .ZTETRACHLOROETHANE MD1 100 %REC 

RECRL: 10294 1 7/25/00 00D1394-005.001 1 ,1,1-TRICHLOROETHANE 
RECRL 10294 [ 7/25/00 0001394-005.001 1,l  ,1-TRICHLOROETHANE 

RECRL 10294 

RECRLllO294 1 7/25/00 OODl3~-005.001 1,1,2-TRlCHLOROETHANE 

~~ 

RECRLI 10294 7/25/00 00D1394-005.001 i 1,l-DICHLOROETHENE 
RECRL/ 10294 

RECRL 10294 7/25/00 (00D1394-005.001 1.2.3-TRICHLOROPROPANE 1 MD1 97 %REC I 1 0008L038-005 00LVK314 

1 0008L038-005 00LVK314 

RECRL 10294 7/25/00 lOODl394-005.001 1,2,4-TRICHLOROBENZENE MS1 88 %REC 1 0008LO38-005 00LVK314 

RECRL 10294 7/25/00 0001 394-005.001 1,2,4-TRlCHLOROBENZENE MD1 92 %REC 1 0008L038-005 OOLVK314 

MS1 98 %REC 1 0008LO38-005 OOLVK RECRL 10294 , 7/25/00 00Dl3~-005.001 1.2-DIBROMOETHANE 
RECRL10294 I 7/25/00 00Dl3~-005.001 1.2-DIBROMOETHANE MD1 99 %REC I 1 WO8LO38-005 OOLVK 

RECRLI 10294 I 7/25/00~00D1394-005.001 I 1 .2-DICHLOROBENZENE 1 MD1 I 971%RECl I i I 110008LO38-005 00LVK314 I 

RECRL 10294 7/25/00 1 OODl394-005.001 1.2,3-TRlCHLOROPROPANE MS1 101 %REC I 

E-24 2WO Annual Table (33.5) Matrix SpIkes.xIs 



Sample 
'Date Location Result 

Result Units 
Type 

Bottle # Analyte 

Li 10294 I 7~25~00)00D1394-005.001 1,5-DICHLOROBENZENE I MS1 
RECRLi 10294 i 7/25~00~00D1394-005.001 11,2-DICHLOROETHANE I MD1 
RECRLi 10294 1 7/25/00 (0001 394-005.001 j 1,2-DlCHLOROETHANE 1 MS1 

I 102/%RECI I 1 i i j0008~038-0o5 IOOLVK314 

101I%RECI 1 1 10008LO38-005 IOOLVK314 

106/%RECI I 1 1 1 10008LO38-005 IOOLVK314 

RECRLi 10294 7/25/00 I OODl394-005.001 11 ,2-DICHLOROPROPANE 1 MS1 1 11Oi%RECi I 1 io008~038-005 

RECRLi 10294 7/25/00 0001394-005.001 11 ,3-DICHLOROBENZENE ' MD1 94!%RECI 1 I j 110008LO38-005 

RECRLllO294 : 7/25/00,00D1394-005.001 11,3-DICHLOROBENZENE MS1 102,%RECI i 1 /0008L038-005 

RECRLllO294 ~ 7/25/00 00D1394-005.001 il,3-DICHLOROPROPANE MD1 , 89 %REC( 1 0008LO38-005 

1 0008LO38-005 I RECRLI 10294 7/25/00 00D1394-005.001 11 ,bDICHLOROPROPANE I MS1 I 93 %REC 

0 0 ~ ~ ~ 3 1 4  

00LVK314 

00LVK314 

00LVK314 

00LVK314 

RECRL 10294 7/25/00 
RECRL 10294 7/25/00 
RECRL 10294 I 7/25/00 
RECRL 10294 7/25/00 
RECRL 10294 I 7/25/00 
RECRL 10294 1 7/25/00 
RECRL 10294 1 7/25/00 
RECRL 10294 1 7/25/00 
RECRL 10294 7/25/00 
RECRLi 10294 7/25/00 
RECRL 10294 7/25/00 
RECRL 10294 7/25/00 
RECRL' 10294 7/25/00 
RECRLI 10294 7/25/00 
RECRL(10294 7/25/00 

1 0008L038-005 IOOLVK314 

OODl394-005.001 11.4-DICHLOROBENZENE MS1 103I%REC 1 ~ 1 0008LO38-005 IOOLVK314 

00D1394-005.001 2,2-DICHLOROPROPANE MD1 981%REC I [ I 1 0008L038-005 (00LVK314 

OODl394-005.001 2.2-DICHLOROPROPANE 1 MS1 112/%REC I 1 10008L038-005 jOOLVK314 

00D1394-005.001 4-ISOPROPYLTOLUENE MD1 97 ( %REC ; I  i 1 0008L038-005 '00LVK314 

OODl394-005.001 44SOPROPYLTOLUENE MS1 98!%REC I 1 1 0008L038-005 00LVK314 

OODl394-005.001 BENZENE MD1 102 %REC . 1 1 0008L038-005 00LVK314 

00D1394-005.001 BENZENE, 1,2,4-TRIMETHYL I MD1 97 %REC 1 1 0008L038-005 00LVK314 

00D1394-005.001 ,BENZENE, 1,2,4-TRIMETHYL MS1 97 %REC i 1 1 0008L038-005,00LVK314 

OOD1394-005.001 BENZENE, 1,3.5-TRIMETHYL- MD1 103 %REC I 1 0008L038-005 00LVK314 

00D1394-005.001 BENZENE, 1.3.5-TRIMETHYL- MS1 114(%REC 1 1 0008L038-005 IOOLVK314 

OOD1394-005.001 BROMOBENZENE MD1 97 %REC I 1 0008LO38-005 IOOLVK314 

00D1394-005.001 BROMOBENZENE MS1 101 %REC I 1 0008L038-005 IOOLVK314 

00D.l394-005.001 BROMOCHLOROMETHANE MD1 91 %REC 1 1 0008L038-005(00LVK314 

00D1394-005.001 11 .4-DICHLOROBENZENE MD1 93!%REC. I 

00D1394-005.001 BENZENE MS1 113 %REC ' 1 1 1 0008~038-005 0 0 ~ ~ ~ 3 1 4  

RECRL 
RECRL' 
RECRL 
RECRL 
RECRL 
RECRL 
RECRL 
RECRL 
RECRL 
RECRL 

10294 I 7/25/00 OODl394-005.001 cis-1.2-DICHLOROETHENE MD1 98 %REC 1 0008L038-005 00LVK314 

10294 1 7/25/00 0001 394-005.001 cis-1 .2-DICHLOROETHENE MS1 103 %REC 1 0008L038-005 00LVK314 

10294 7/25/00 0001 394-005.001 cis-1 .bDICHLOROPROPENE MD1 90. %REC 1 0008L038-005 00LVK314 

10294 7/25/00 OODl394-005.001 cis-1.3-DICHLOROPROPENE MS1 --.98 %REC 1 0008L038-005 00LVK314 

10294 7/25/00 OODl394-005.001 DIBROMOCHLOROMETHANE 1 MD1 .:91 :%REC 1 0008L038-005 00LVK314 

10294 7/25/00 OODl394-005.001 DIBROMOCHLOROMETHANE MS1 103 %REC 1 0008L038-005 00LVK314 

10294 7/25/00 OODl394-005.001 DIBROMOMETHANE MD1 97 %REC 1 0008LO38-005 00LVK314 

10294 7/25/00 OODl394-005.001 DIBROMOMETHANE MS1 108 %REC 1 0008L03&005 00LVK314 

1 0008L038-005 00LVK314 

1 0008L038-005 00LVK314 

1 0008L038-005 00LVK314 

10294 7/25/00 OODl394-005.001 DICHLORODIFLUOROMETHANE MD1 93 %REC 
10294 7/25/00 OODl394-005.001 DICHLORODIFLUOROMETHANE MS1 107 %REC 

7/25/00 00D1394-005.001 ETHYLBENZENE MD1 94 %REC 
10294 , 7/25/00 

7/25/00 
RECRL' 10294 7/25/00 
RECRLllO294 7/25/00 

1 0008L038-005 00LVK314 

1 0008L038-005 OOLVK314 

OODl394-005.001 I HEXACHLOROBUTADIENE MS1 102 %REC 1 0008LO38-005 00LVK314 

OODl394-005.001 I ISOPROPYLBENZENE MD1 95 %REC 1 0008LO38-005 00LVK314 

OODl394-005.001 , ETHYLBENZENE MS1 106 %REC 
OODl394-005.001 HEXACHLOROBUTADIENE MD1 99 %REC 



Appendix E 

Result Detect Dilu Lab Lab Bottle # Analyte Result , Units 
Sample 

Lab Location 
Date Type Limit tion Sample# Ba 

RECRL; 10294 7/25/00/00D1394-005.001 ! ISOPROPYLBENZENE \ MS1 f 102(%RECI I 1 )0008L038-005 jooLv 

RECRLllO294 ; 7/25/00100D1394-005.001 METHYLENE CHLORIDE i MD1 I 84!%REC' I 1 1 (0008LO38-005 iOOLVK314 

RECRLi10294 I 7/25/00~00D1394-005.001 c- [METHYLENE CHLORIDE I MS1 150 %REC 1 I 1 '0008LO38-005 /00LVK314 

RECRLllO294 7/25/00)00D1394-005.001 \NAPHTHALENE ! MD1 69 %REC , ! 1 1 0008LO38-005 (OOLVK314 

RECRL/ 10294 I 7/25/00~OOD1394-005.001 (NAPHTHALENE I MS1 69 %RECI i j 1 0008LO38-005 IOOLVK314 

1 1 0008L038-005 iOOLVK314 

RECRL] 10294 I 7/25/00'OODl394-005.001 In-BUTYLBENZENE 1 MS1 104)YoREC I 1 1 ~0008L038-005)00LVK314 

RECRLllO294 I 7/25/00 00D1394-005.001 In-PROPYLBENZENE I MDl 101(%REC I I 1 10008L038-005 IOOLVK314 

RECRLi 10294 I 7/25/00 00D1394-005.001 In-PROPYLBENZENE 1 MS1 i 105(%RECI I j 1 ~0008L038-005(00LVK314 

RECRL! 10294 I 7/25/00(00D1394-005.001 10-CHLOROTOLUENE 1 MS1 p l % R E C I  I 1 /0008L038-005~OOLVK314 

i MD1 I 100/%REC~ I 1 ! 1 10008L038-005 iOOLVK314 RECRL/ 10294 I 7/25/00~00D1394-005.001 io-CHLOROTOLUENE 
I MD1 j 78(%REC/ , 1 (0008L038-005 !00LVK314 

I 110008L038-005 00LVK314 

RECRLi 10294 j 7/25/00~00D1394-005.001 jp-CHLOROTOLUENE 
RECRLI 10294 I 7/25/00~00D1394-005.001 Jp-CHLOROTOLUENE ' MS1 I 104j%RECI 
RECRLf 10294 7/25/00~00D1394-005.001 /PROPANE. 1.2-DIBROMO-3-CHLORO- MS1 I 91 I %RECI ' ! 1 0008L038-005'00LVK314 

RECRL' 10294 1 7/25/00~00D1394-005.001 (PROPANE, 1 ,Z-DIBROMO-3-CHLORO- MD1 921 %REC 1 1 0008L038-005 00LVK314 

I 1 0008L038-005 00LVK314 

RECRL 10294 1 7/25/00 00D13~-005.001 sec-BUTYLBENZENE MS1 101I%REC I 1 0008L038-005 00LVK314 

RECRL.10294 I 7/25/00 00D1394-005.001 STYRENE MD1 95 1 %REC I 1 0008L038-005 00LVK314 

RECRL 10294 1 7/25/00 OOD1394-005.001 STYRENE MS1 , 951YoREC 1 /0008L038-005 IOOLVK314 

MD1 1 99 %REC 1 0008LO38-005 IOOLVK314 

MS1 106 %REC 1 1 0008L038-005 00LVK314 

7/25/00 OODl394-005.001 TETRACHLOROETHENE MD1 105 YoREC, 1 0008LO38-005 00LVK314 

1 0008L038-005 00LVK314 

MD1 101 %REC I I 1 0008L038-005 00LVK314 

[ 1 0008L038005 00LVK314 

1 0008L038-005 00LVK314 

RECRLllO294 1 7/25/00(00D1394-005.001 In-BUTYLBENZENE 1 MD1 92 %REC ! 

RECRL 10294 7/25/00~00D1394-005.001 sec-BUTYLBENZENE MD1 98)YoREC i 

RECRL 10294 1 7/25/00 00D1394-005.001 tert-BUTYLBENZENE 
RECRL 10294 7/25/00 00D1394-005.001 tert-BUTYLBENZENE 
RECRL, 10294 
RECRL 10294 7/25/00 00D1394-005.001 TETRACHLOROETHENE MSl 109 %REC/ 1 
RECRLl10294 7/25/00 00D1394-005.001 TOLUENE 
RECRLl10294 I 7/25/00 00D1394-005.001 TOLUENE MS1 105 %REC I j 
RECRL/ 10294 1 7/25/00 00D1394-005.001 TOTAL XYLENES I MD1 102 %REC 1 
RECRLllO294 [ 7/25/00 00D1394-005.001 TOTAL XYLENES MS1 105 %REC I 1 ~0008L03&005 OOLV- 

1 0008L038-005 OOLVK- 

1 0008L038-005 00LVK314 

1 0008L038-W5 00LVK314 

1 0008L038-005 00LVK314 

MD1 107 %REC 1 0008LO38-005 00LVK314 

MS1 116 %REC 1 0008L038-005 00LVK314 

RECRL 10294 7/25/00(00D1394-005.001 TRICHLOROFLUOROMETHANE MD1 , 109 %REC , 1 10008LO38-005 IOOLVK314 

7/25/00 00D1394-005.001 iTRlCHLOROFLUOROMETHANE ' MS1 122'%REC/ 1 0008L03&005 00LVK314 

1 0008LO38-005 00LVK314 

1 0008L038-005 00LVK314 

22/00 OODl101-006,001 1 ,1,1,2-TETRACHLOROETHANE MS2 99 %REC 11 1 25 0002L371-006 00LVK065 

RECRL 12691 2/2/00 OODl101-006,001 1,1,1 ,2-TETRACHLOROETHANE MSl 100 %REC 1 2510002L371-006 OOLVKO65 

25 0002L371-006 00LVK065 

RECRLI 12691 I 2/2/00 OODl101-006,001 11.1,l-TRICHLOROETHANE MS2 113 YoREC 1 25 W02L371-006 OOLVKO65 

RECRL 12691 I 2/2/00 OODl101-006.001 [1,1,2,2-TETRACHLOROETHANE MS2 102 %REC 1 25 0002L371-006 00LVK065 

RECRL 12691 1 2/2/00 OODI ioi-oo6.ooi 11 .I  TETRACHLOROETHANE MSl 102 %REC 1 25 0002L371-006 OOLVKO65 . 

RECRL 12691 I 22/00 OODl101-006.001 I1.1,2-TRICHLOROETHANE I MS2 102 %REC I 1 25 /0002L371-006 00LVK065 

RECRL 12691 2/2/00 0001 101-006.001 11.1 .Z-TRICHLOROETHANE MS1 105 %REC 1 2~(0002L371-006 00LVK065 

RECRLll2691 2/2/00~00D1101-006.001 !l.l-DICHLOROETHANE MS2 109 %REC 1 25 OW2L371-006 OOLVKO65 

25 OW2L371-006 OOLVK065 

25 0002L371-006 OOLVKO65 

RECRLi12691 1 2/2/00 OODl101-006.001 1,l-DICHLOROPROPENE MS1 102 %RECI 1 25 0002L371-006 OOLVKO65 

RECRLi 12691 2/2/00 OODl101-006.001 1,l-DICHLOROPROPENE MS2 I 107(%REC' 1 ; 25 0002L371-006 (OOLVKO65 

RECRLI 12691 I 2/2/00 OODl lOl-006.001 1,2,3-TRICHLOROBENZENE MS1 94 %REC 1 25 OW2L371-006 00LVK065 

RECRLI 12691 1 2/2/00 OODl101-006.001 1.2.3-TRICHLOROPROPANE * MS1 97 %REC I 1 25 0002L371-006 OOLV 

RECRLllO294 I 7/25/00 I OODl394-005.001 trans-1 ,2-DICHLOROETHENE MD1 107 %RECI I 

RECRLllO294 1 7/25/00 OODl394-005.001 trans-1 ,bDICHLOROPROPENE MD1 92 %REC I 
RECRLI 10294 I 7/25/00 00D13~-005.001 trans-1 ,Z-DICHLOROETHENE MS1 117 %REC 

RECRL 10294 I 7/25/00 OODl394-005,001 trans-1 .bDICHLOROPROPENE MS1 95 %REC 
RECRL 10294 1 7/25/00)OOD1394-005.001 TRICHLOROETHENE 
RECRL 10294 7/25/00~00D1394-005.001 TRICHLOROETHENE 

RECRL 10294 
RECRL 10294 I 7/25/00'00D1394-005.001 'VINYL CHLORIDE MD1 104 %REC I 
RECRLllO294 7/25/00 00D1394-005,001 VINYL CHLORIDE 1 MS1 114I%REC i l  

RECRL 12691 , 2/2/00 00D1101-006.001 1.1,l-TRICHLOROETHANE MS1 108 %RECI 1 

RECRL 12691 

22/00 OODl101-006.001 11.1-DICHLOROETHANE MS1 106 %REC 1 2510002L371-006 OOLVKO65 ' RECRLI 12691 

RECRLll2691 1 2/2/00/00D1101-006.001 11.1-DICHLOROETHENE I MS1 97 %REC , 1 
RECRL112691 1 2/2/00 00D1101-006.001 I1,l-DICHLOROETHENE I MS2 104 %REC/ I 1 

RECRLll2691 I 2/2/00 00D1101-006.001 1.2.3-TRICHLOROBENZENE MS2 103 %REC 1 

RECRL112691 I 2/2/00 00D1101-006.001 11.2.3-TRICHLOROPROPANE MS2 ~ 1 0 1  %REC 1 1  
iRECRLl12691 1 2/2/00i00D1101-006.001 11.2.4-TRICHLOROBENZENE I MS1 I 83\%RECi I 1 I 

Table 11 -5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 

Note: Some Locations a n  not in IMP. These Locations a n  included because 
analyses apply to results tha1 am lrm IMP Locations. E-26 2ow Annual Table (11.5) mtdx SpikenxIs 



Appendix E 

Lab Location 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Result Lab Valid. Detect Dilu 
Date Type Qual ation Limit tion 

Bottle # Analyte Result Units 
Sample 

01 - RF-02107 

L 12691 2/2/00 
I 2/2/00 

RECRL, 12691 / 2/2/00 
RECRLj 12691 2/2/00 
RECRLI 12691 2/2/00 
RECRL; 12691 2/2/00 
RECRLll2691 
RECRLi 12691 

I 25lOOO2L371-006 00LVK065 

OODllO1-006.001 1,2-DlBROMOETHANE MS2 , 94 %REC/ 1 I 25 0002L371-006 00LVK065 

0001 101-006.001 1 ,ZDIBROMOETHANE MS1 1 96(%REC! 1 I 25 0002L371-006 /OOLVKO65 

0001 101-006.001 1.2-DICHLOROBENZENE MS2 I 99 %REC 1 I 25 0002L371-006 /00LVK065 

00D1101-006.001 11,2-DICHLOROBENZENE 1 MS1 I 102 %REC 1 1 1 25 0002L371-006 IOOLVK065 

OODI 101-006.001 11,2-DICHLOROETHANE 1 MS1 1 112 %REC 1 , [ 25 0002L371-006 /00LVK065 

2/2/00,00D1101-006.001 jl,2-DICHLOROETHANE 1 MS2 / 114/%RECI 1 1 I 25 0002L371-006 iOOLVK065 
2/2/00'00D1101-006.001 !1,2-DICHLOROPROPANE I MS1 W / Y ~ R E C ~  ! 1 I I 25/0002L371-006 /00LVK065 

OODl101-006.001 1,2.4-TRlCHLOROBENZENE MS2 94 %REC I 1 

RECRLll2691 I 2/2/00~00D1101-006.001 EDICHLOROPROPANE I MS2 ' 103 %REC{ j 1  I 25 0002L371-006 1OOLVKO65 
RECRL] 12691 1 2/2/00~00D1101-006.001 1,3-DlCHLOROBENZENE MS2 97 %RECI I 1 1 25 0002L371-006 iOOLVK065 

RECRL(12691 1 2/2/00 OODl101-006.001 1.3-DICHLOROBENZENE MS1 ' 104 %REC/ 1 1  1 25 0002L371-006 /OOLVKO65 

RECRLI 12691 1 2/2/00 00D1101-006.001 1,3-DlCHLOROPROPANE MS1 1 100!%REC( 1 1 25 0002L371-006 IOOLVK065 

RECRLl12691 I 2/2/00~00D1101-006.001 1.3-DICHLOROPROPANE MS2 101 I %REC' 1 1  2510002L371-006 /00LVK065 

RECRL 12691 2/2/00 (00D1101-006.001 1 ,CDICHLOROBENZENE MS1 841%REC 1 1 I ! 25 0002L371-006 /00LVK065 

RECRL 12691 2/2/00 /OODI 101-006.001 , 1 ,CDICHLOROBENZENE MS2 98 %REC 1 1  1 25 0002L371-006 100LVK065 

RECRL, 12691 2/2/00 lOODl101-006.001 /2,2-DICHLOROPROPANE MS1 107 %REC 1 1  1 25 0002L371-006 100LVK065 

RECRL, 12691 i 2/2/00 OODl101-006.001 /2.2-DICHLOROPROPANE MS2 112 %REC 1 1  I 25 0002L371-006 '00LVK065 

RECRLi 12691 2/2/00 OODl101-006.001 /4-ISOPROPYLTOLUENE MS1 1 84 %RECi 1 1 ! 25 0002L371-006,00LVK065 

RECRLj 12691 1 2/2/00 00D1101-006.001 I44SOPROPYLTOLUENE ' MS2 j 99 %REC/ 1 1 1 1 25 0002L371-006 00LVK065 

RECRL( 12691 ' 2/2/00 OOD1101-006.001 /BENZENE MS1 1 103 %REC! 1 1  ' 1 25 0002L371-006 OOLVKO65 

RECRL 12691 2/2/00 0001 101-006.001 [BENZENE MS2 105 %RECI 1 '  / 25 0002L371-006 jOOLVK065 

RECRL 12691 2/2/00 00D1101-006.001 IBENZENE, 1,2,4-TRIMETHYL MS1 96 %REC 1 25 0002L371-006 00LVK065 

RECRL 12691 2/2/00 00D1101-006.001 /BENZENE, 1,2,4-TRIMETHYL MS2 98(%REC 1 25 0002L371-006 OOLVKO65 

RECRLI 12691 2/2/00 OODl101~006.001 BENZENE, 1.3.5-TRIMETHYL- MS1 99 I %REC 1 25 0002L371-006 00LVK065 

RECRLll2691 I 2/2/00 OODl101-006.001 BENZENE, 1,3,5-TRIMETHYL- MS2 102!%REC I 1 I 25 0002L371-006 1OOLVKO65 

RECRLll2691 ' 2/2/00 OODl101-006.001 BROMOBENZENE MS2 103 %REC 1 1 25 0002L371-006 00LVK065 

L/ 12691 ' 2/2/00 OODl101-006.001 IBROMOBENZENE MS1 104 %REC 1 25 0002L371-006 00LVK065 

L 12691 I 2/2/00 OODl101-006.001 BROMOCHLOROMETHANE MSI  102 %REC 1 25 0002L371-006 00LVK065 

RECRL 12691 1 2/2/00 OODl lOl-006.001 BROMOCHLOROMETHANE MS2 1041%REC 1 25 0002L371-006 00LVK065 

RECRL 12691 I 2/2/00 OODl101-006.001 BROMODICHLOROMETHANE MS1 106 %REC 1 25 0002L371-006 00LVK065 

RECRL 12691 2/2/00 OODl101-006.001 BROMODICHLOROMETHANE MS2 111 %REC 1 25 0002L371-006 00LVK065 

RECRLi 12691 2/2/00 00D1101-006.001 BROMOFORM MS1 1 97 %REC 1 1  25 0002L371-006 OOLVKO65 

RECRL 12691 , 2/2/00 OODl101-006.001 IBROMOFORM MS2 1 99 %REC/ 1 25 0002L371-006 OOLVKO65 

RECRL 12691 I 2/2/00 OODI ioi-oo6.00i ~BROMOMETHANE MS1 I 108 %RECI 1 25 0002L371-006 '00LVK065 

RECRL 12691 I 2/2/00 OODl101-006.001 IBROMOMETHANE MS2 I 116 %RECI 1 25 0002L371-006 00LVK065 

' 



Appendix E 

Sample 
Date 

Lab Location 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Result Detect Dilu, Lab 
Bottle # Analyte Result Units . Type Limit tion Sample# B 

01-RF-02107 

RECRL(12691 ' I_ 2/2/00~00D1101-006.001 IETHYLBENZENE j MS2 ' 
103 %REC/ I 1 L I 25 o o 0 ~ ~ 3 7 i - 0 0 6 ~ 0 0 ~  

-- 
RECRLi 12691 1 2/2/00/00D1101-006.001 
RECRLi 12691 I 2/2/00 OODl101-006.001 
RECRL(12691 I 2/2/00 00D1101-006.001 
RECRLll2691 2/2/00 OODl101-006.001 

ISOPROPYLBENZENE I MS1 i 99[%REC[ I 1 1 1 2510002L371-006 100LVK065 

ISOPROPYLBENZENE 1 MS2 I 101I%RECI 1 \ I 2510002L371-006 100LVK065 

METHYLENE CHLORIDE MS1 681 %REC/ 1 1  i I 2510002L371-006 IOOLVKO65 

METHYLENE CHLORIDE MS2 781%RECI 1 1 I I 2~~0002L371-006(00LVK065 

RECRLll2691 2/2/00 
RECRLi12691 I 
RECRL 12691 2/2/00 
RECRL 12691 2/2/00 

:RECRL 12691 2/2/00 

00D1101-006.001 [NAPHTHALENE MS1 , 821%RECI 1 1  I 2510002L371-006 (00LVK065 

2/2/00~00D1101-006.001 ]NAPHTHALENE 1 MS2 I 97 %RECI 1 1  I 25)0002L371-006 IOOLVK065 

OODl101-006.001 In-BUTYLBENZENE MS1 I 91 %RECI I 1 I 1 25i0002L371-006 /00LVK065 

00D1101-006.001 In-BUTYLBENZENE MS2 1 97 %RECI 1 1  I 1 25 0002L371-006 IOOLVK065 

OODl101-006.001 In-PROPYLBENZENE MS1 I 97 %RECI I 1 1 I 25 0002L371-006~00LVK065 

RECRLI 12691 2/2/00 I OODl 101 -006.001 1 n-PROPYLBENZENE MS2 1 99 
RECRLi 12691 I 2/2/00 OODl101-006.001 10-CHLOROTOLUENE MS2 1 97 
RECRL; 12691 ! 2/2/00 OODl101-006.001 10-CHLOROTOLUENE ' MS1 I 100 
R E C x w - -  2/2/00 OODl101-006.001 ip-CHLOROTOLUENE MS2 I 97 

MS1 100 RECRL 12691 2/2/00 00D1101-006.001 ip-CHLOROTOLUENE 
RECRL 12691 2/2/00 0001 101-006.001 1 PROPANE, 1.2-DIBROMO-3-CHLORO- MS1 88 
RECRL 12691 2/2/00 OODl101-006.001 I PROPANE, 1,2-DIBROM0-3-CHLORO- MS2 96 
RECRL 12691 2/2/00 00D1101-006.001 Isec-BUTYLBENZENE MS 1 98 
RECRL 12691 2/2/00 OODl 101 -006.001 1 sec-BUTYLBENZENE MS2 99 

2/2/00 00D1101-006.001 \STYRENE 1 MS1 I RECRLI 12691 

%RECI I 1 j I 25 0002L371-006/00LVK065 

%RECI 1 1  I I 25 0002L371-006~00LVK065 

%RECi i 1 i 25 0002L371-006 iOOLVKO65 

%REC I 1  ! / 25 0002L371-006 00LVK065 

%REC I 25 0002L371-006 00LVK065 

25 0002L371-006 00LVK065 

%REC 1 25 0002L371-006 00LVK065 

%REC 1 25 0002L371-006 '00LVK065 

%REC 1 25 0002L371-006 00LVK065 

93,%REC 1 25/0002L371-006 00LVK065 

1 I 
%REC 1 1  

RECRLll2691 2/2/00 
RECRL112691 I 2/2/00 
RECRLll2691 i 2/2/00 
RECRLI 12691 ' 2/2/00 
RECRLI 12691 2/2/00 
RECRLll2691 2/2/00 
RECRLll2691 2/2/00 
RECRL 12691 .2/2/00 

22/00 
RECRL 12691 22/00 
RECRL 12691 

00D1101-006.001 [STYRENE I MS2 I 981%REC 1 25 0002L371-006 00LVK065 

OODl101-006.001 Jtert-BUTYLBENZENE I MS1 I 961 %REC 1 , I 25 0002L371-006 00LVK065 

OODl101-006.001 tert-BUTYLBENZENE I M S ~  i 97 O~RECI 1 I 25 0002L371-006 (00LVK065 

92 %REC/ 1 1 I 25 0002L371-006 IOOLVK065- 00D1101-006.001 TETRACHLOROETHENE MS2 
00D1101-006.001 TETRACHLOROETHENE MS1 94 %RECI ' 1 i 25 0002L371-006 OOLV 

OODl101-006.001 TOLUENE MS2 98 %RECI 1 ,  25 0002L371-006 OOLV 

0001 101-006.001 TOLUENE MS1 101 %REC I 1 25,0002L371-006 00LVK065 

00D1101-006.001 TOTAL XYLENES MS2 102 %REC 1 25 10002L371-006 OOLVKO65 

00D1101-006.001 TOTAL XYLENES MS1 103 %REC 1 25 0002L371-006 OOLVKO65 

OODl101-006.001 trans-1 ,2-DICHLOROETHENE MS1 100 %RECI 1 25 0002L371-006 IOOLVK065 

MS2 103 %REC 1 25 
25 

RECRL 12691 2/2/00 OODl101-006.001 trans-l,3-DICHLOROPROPENE MS1 93 %REC 1 25 
RECRL 12691 2/2/00 OODl101-006.001 TRICHLOROETHENE MS1 99 %RECI , 1 j , 25 
RECRLll2691 1 2/2/00 OODl101-006.001 [TRICHLOROETHENE MS2 108 %REC 1 1  I 25 
RECRLI 12691 I 2/2/00 00D1101-006.001 lTRlCHLOROFLUOROMETHANE I MS1 113 %REC 1 I I 25 
RECRL'12691 ' 22/00 00D1101-006.001 lTRlCHLOROFLUOROMETHANE MS2 115 %REC 1 I 25 

RECRLI 12691 2/2/00 OODl lOl-006.001 trans-l,2-DICHLOROETHENE 
RECRL 12691 2/2/00 00D1101-006.001 trans-l,3-DICHLOROPROPENE MS2 90 %REC 1 

0002L371-006 OOLVKO65 

0002L371-006 OOLVKO65 

0002L371-006 OOLVKO65 

0002L371-006 00LVK065 

0002L371-006 '00LVK065 

0002L371M)6 00LVK065 

0002L371-006 00LVK065 

~~ ~~ 

RECRL 12691 2/2/00 00D1101-006.001 ]VINYL CHLORIDE MS1 86 %REC I 1 I 2510002L371-006 

RECRL 12691 2/2/00 00D1101-006.001 VINYL CHLORIDE MS2 94 %REC 1 1 25 0002L371-006 

250 500 1000143553 

GEL 18199 12/5/00 01 00213-001.004 1,l-DICHLOROETHENE MS1 122 %REC 1 250 500 1000143552 

GEL 18199 12/5/00 OlDO213-001.004 BENZENE MD1 101 %REC 1 250 500 1000143553 

GEL 318199 I 12/5/00 01D0213-001.004 ,BENZENE MS1 , 113,%REC 1 250 ~00,1000143552 

GEL 18199 1 12/5/00 01 D0213-001.004 CHLOROBENZENE MD1 102 %REC 1 250 500 1000143553 

GEL 18199 I 12/5/00 OlDO213-001.004 CHLOROBENZENE MS1 116 %REC 1 2501 500 1000143552 

GEL ji8199 i 12/5/00 01~0213-ooi.004 [TOLUENE I MD1 I 102 %RECI 1 250 500 1000143553 

GEL 118199 12/5/00 OlDO213-001.004 [TOLUENE MS1 I 115 %RECi 1 1 , 250 ~00~1000143552 

GEL 18199 12/5/00 01D0213-001.004 1.1-DICHLOROETHENE MD1 110 YoREC 1 

00LVK065 

00LVK065 

58370 

58370 

58370 

58370 

58370 

58370 

58370 

'58370 

GEL 118199 12/5/00 
GEL I18199 12/5/00 
RECRL~ 18299 3/14/00 
RECRL~ i 8299 3/14/00 
RECRLl18299 3/14/00 
RECRL( 18299 3/14/00 
RECRLI 18299 I 

01D0213-001.004 [TRICHLOROETHENE MD1 1 100 %REC 1 1  250 500 1000143553 '58370 

01D0213-001.004 ITRICHLOROETHENE MS1 I 113 %REC 1 I 250 500 1000143552 58370 

00D1166-004.002 1,l . l  ,ZTETRACHLOROETHANE MD1 106 %REC 1 ;  500 500 0003L744-004 00LVK120 

OODl166-004.002 1,1,1 ,2-TETRACHLOROETHANE MS1 109 %REC 1 1  500 500 0003L744-004 00 

OOD1166-004.002 1,1,1-TRICHLOROETHANE MD1 107 %REC 1 I 500 500 0003L744-004 OOL 

OODll66004.002 1,l.l-TRICHLOROETHANE MS1 108 %REC 1 I 500 500 0003L744-004 00 

3/14/00~00D1166-004.002 I~,~.~.~-TETRACHLOROETHANE I MD1 1 1041 %RECI I 1 I 5001 50010003L744-004 lOOLVKl2O 
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Location 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Sample Result Detect Dilu. Lab Lab 
Bottle # Analyte Result Units 

Date Type Limit tion Sample# Batch# 

01-RF-02107 

iRECRL118299 I 3/14/00 
'RECRL 18299 1 3/14/00 
RECRL 18299 1 .3/14/00 
RECRL 18299 i 3/14/00 

00D1166-004.002 11,1,2,2-TETRACHLOROETHANE 1 MS1 I 1141 %RECI I 1 500 500 0003~744-004 OOLVKIZO 

00D1166-004.002 /1.1,2-TRICHLOROETHANE I MD1 103 %REC I 1 I 500 500 0003L744-004 jOOLVK120 
OODll66-004.002 11,l ,ZTRICHLOROETHANE 1 MS1 104 %REC 1 500 I 500 0003L744-004 IOOLVK120 

OODll66-004.002 /1,1-DICHLOROETHANE I MD1 109 %REC 1 1  500 500 0003L744-004 !00LVK120 

Note: Soma Locations are no1 in IMP. These Locations are included because 
analyses apply IO RSUIU that a n  from IMP Locations. I 1 n 

RECRLi18299 I 3/14/00~00D1166-004.002 I1,l-DICHLOROETHANE MS1 I 110 %REC 1 1 I 500 500 0003~744-OO~~OOLVKI~O 

RECRLI 18299 I 3/14/00 00D1166-004.002 1,l-DICHLOROETHENE , MS1 1 94 %REC/ 
RECRLl18299 i 3/14/00 00D1166-004.002 '1,l-DICHLOROETHENE MD1 1 89 %REC 1 500 500 0003L744-004 IOOLVK120 

1 500 500 0003L744-004 IOOLVK120 

RECRL; 18299 1 3/14/00 00D1166-004.002 1 ,I-DICHLOROPROPENE i MDI 1 102 %RECI 1 1 500 500 0003L744-004 IOOLVK120 

RECRLI 18299 1 3/14/00 OODll66-004.002 1 .l-DICHLOROPROPENE j MS1 i 104 %REC/ 1 1 500 500 0003L744-004 jOOLVK120 

RECRLl18299 3/14/00 OODll66-004,002 11,2,3-TRtCHLOROBENZENE MS1 ' 112 %REC 1 1  I 500 500,0003L744-004 00LVK120 

RECRL/ 18299 3/14/00 lOODl 166-004.002 i 1.2,3-TRICHLOROPROPANE MD1 106 %REC / 1 1 500 500 0003L744-004 00LVK120 

RECRL' 18299 3/14/00 100D1166-004.002 1,2,3-TRlCHLOROPROPANE MS1 I 110 %REC, j 1 / 500 500 0003L744-004 00LVK120 

RECRL, 18299 3/14/00 00D1166-004.002 1.2,4-TRICHLOROBENZENE MS1 97 %REC 1 1  500 500 0003L744-004 /00LVK120 

RECRL 18299 3/14/00 0001 166-004.002 1,2.4-TRICHLOROBENZENE MD1 101 %REC 1 500 1 500 0003L744-004 IOOLVK120 

RECRL 18299 3/14/00 OODll66-004,002 1.2-DIBROMOETHANE MS1 101 %REC 1 500 I 500 0003L744-004 IOOLVK120 

500 [ 500 0003L744-004 IOOLVK120 RECRL 18299 I 3/14/00(00D1166-004.002 1 ,ZDIBROMOETHANE MD1 I 104 %REC I 1 
RECRL 18299 3/14/00 OODll66-004.002 1 ,ZDICHLOROBENZENE MD1 112 %REC 1 I 500 1 500 0003L744-004 (00LVK120 

1 5001 500 0003L744-004 100LVK120 RECRL 18299 3/14/00 OODll66-004,002 1 ,2-DICHLOROBENZENE MS1 114 %REC 
RECRL 18299 3/14/00 00D1166-004.002 1.2-DICHLOROETHANE MS1 104 %REC 1 1 500 I 500 0003L744-004 (OOLVKIZO 

RECRLI 18299 3/14/00 00D1166-004.002 ' 1,2-DICHLOROETHANE MD1 111 %REC 1 500 500 0003L744-004 00LVK120 

RECRLI 18299 1 3/14/00 IOOD1166-004.002 1 ,2-DICHLOROPROPANE l MD1 , 103 %REC 1 500 500 0003L744-004,00LVK120 

RECRLi 18299 3/14/00 00D1166-004.002 1,2-DlCHLOROPROPANE MS1 106 %REC 1 500 500 0003L744-004 00LVK120 

500 500 0003L744-004 00LVK120 

MS1 112 %REC 1 500 500 0003L744-004 00LVK120 

3/14/00 00D1166-004.002 1 ,bDICHLOROPROPANE MS1 101 %REC 1 500 500 0003L744-004 (00LVK120 

3/14/00 00D1166-004.002 1,3-DICHLOROPROPANE MD1 104 %REC 1 500 500 0003L744-004 00LVK120 

- ~ - ~ ~ - - - - - - - - - - - - - - - - -  500 500 0003L744-004 OOLVyl20 
3/14/00 OODll66-004.002 1,4-DICHLOROBENZENE MD1 108 %REC 1 500 500 0003L744-004 00LVK120 RECRL 18299 
3/14/00 00D1166-004.002 2,2-DICHLOROPROPANE MD1 98 %REC 1 500 500 0003L744-004 00LVK120 RECRL 18299 
3/14/00 OODll66-004.002 12.2-DICHLOROPROPANE MS1 102 %REC 1 500 500 0003L744-004 00LVK120 RECRL 18299 

RECRL/ 18299 1 3/14/00 IOOD1166-004,002 I44SOPROPYLTOLUENE MD1 / 112 ?!oRECi ! 1 500 500 0003L744-004 OOLVKI20 

RECRL'l8299 3/14/00~00D1166-004.002 /4-ISOPROPYLTOLUENE 1 MS1 j 1121%RECj 1 [ 500 j 500 0003L744-004 '00LVK120 

RECRL 18299 3/14/00 OODll66-004.002 IBENZENE MD1 1 103 %REC) 1 ! 500 500 0003L744-004 00LVK120 

RECRL 18299 ! 3/14/00 OODll66-004.002 BENZENE MS1 1 104 %REC( I 1 1 500 500 0003L744-004 00LVK120 

RECRL 18299 3/14/00 0001 166-004.002 BENZENE, 1,2.4-TRIMETHYL I MS1 107 %REC 1 500 500 0003L744-004 00LVK120 

MD1 109 %REC 1 500 500 0003L744-004 00LVK120 RECRL 18299 
RECRL 18299 3/14/00 OODl166-004.002 BENZENE, 1,3.5-TRIMETHYL- , MS1 107,%REC, , 1 500 500 0003L744-004 00LVK120 

RECRL 18299 3/14/00 OODll66-004,002 BENZENE, 1,3,5-TRIMETHYL- MD1 111 %REC 1 500 500 0003L744-004 00LVK120 

RECRL 18299 3/14/00 OODll66-004.002 BROMOBENZENE MD1 108 %REC 1 500 500 0003L744-004 OOLVKl20 

RECRL iJ8299 3/14/00 OODll66-004.002 BROMOBENZENE MS1 I 108 %REC 1 1 500 ~00~0003L744-004 00LVK120 

RECRL 18299 3/14/00 OODll66-004.002 BROMOCHLOROMETHANE MS1 104 %REC 1 500 500 10003L744-004 00LVK120 

RECRL 18299 3/14/00 00D1166-004.002 BROMOCHLOROMETHANE MD1 104 %REC 1 , 500 ~00~0003L744-004 00LVK120 

z C R L /  18299 ~ i 3/14/00~00D1166-004.002 BROMODICHLOROMETHANE MS1 107 %REC 1 500' ~00~0003L744-004 00LVK120 

RECRLi 18299 ~ 3/14/00 00D1166-004.002 iBROMODICHLOROMETHANE MD1 i 108 %REC 1 500 500 0003L744-004 00LVK120 

RECRLl18299 1 3/14/00 0001166-004.002 [BROMOFORM MD1 1 98 %REC 1 500 500 0003L744-004 IOOLVK120 

RECRLl18299 3/14/00 00D1166-004.002 IBROMOFORM MS1 1 103 %REC 1 500 500 0003L744-004 100LVK120 

RECRLl18299 3/14/00 00D1166-004.002 IBROMOMETHANE MD1 1 113 %REC 1 500 500 0003L744-004 '00LVK120 

RECRLl18299 I 3/14/00 00D1166-004.002 IBROMOMETHANE MS1 1 1251 %REC 1 I 500 ~00~0003L744-004 00LVK120 

RECRL 18299 3/14/00 OODll66-004.002 CARBON TETRACHLORIDE MS1 I o %RECI .1 500 500 0003L744-004 00LVK120 

RECRL 18299 3/14/00 OODll66-004.002 CARBON TETRACHLORIDE MD1 [ 0 %REC 1 500 500 0003L744-004 00LVK120 

L 18299 3/14/00 OODll66-004.002 CHLOROBENZENE MS1 I 103 %REC 1 500 500 0003L744-004 00LVK120 

L 18299 3/14/00 0001 166-004.002 CHLOROBENZENE MD1 I 105 %REC 1 ' 500 500 0003L744-004 00LVK120 

- RECRLll8299 3/14/00 OODll66-004.002 CHLOROETHANE MS1 ~ 88 %REC, 1 500 500 0003L744-004 00LVK120 

_. RECRLi 18299 3/14/00 00D1166-004.002 ICHLOROETHANE i MD1 1 98 %REC! , 1 500 500 0003L744-004 00LVK120 

RECRLj 18299 i 3/14/00 OODll66-004.002 !CHLOROFORM I MS1 I 8 %RECI 1 I 500 500 0003L744-004 )OOLVKI~O 

RECRL; 18299 1 3/14/00 OODll66-004.002 i 1.2,3-TRICHLOROBENZENE I MD1 1 106 %RECl 1 ! 500 500 0003L744-004 00LVK120 

- 

RECRL 18299 3/14/00 00D1166-004.002 1 ,bDICHLOROBENZENE MD1 105 %REC I 1 
L 18299 I 3/14/00 0001 166-004.002 1,bDICHLOROBENZENE 

__ 
RECRL 18299 3/14/00 00D1166-004.002 1 ,4-DICHLOROBENZENE MS1 96 %REC 1 

- 

3/14/00 OODll66-004.002 BENZENE, 1.2,4-TRIMETHYL 

2000 Annual Tabla Ill4 Matrix Spikas.xla E-29 

'' 



Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 
Groundwater Calendar Year 2000 

Result Lab Valid. Detect Dilu 
Date Type Qual ation Limit tion 

Bottle # Analyte Result Units 
Sample 

Lab Location 

RECRL 18299 I 3/14/00 00D1166-004.002 CHLOROFORM [ MD1 8 %REC! 1 500 500[0003~744-004 OOLV 

RECRLll8299 i 3/14/00 OODll66-004,002 'CHLOROMETHANE 1 MS1 104i%RECl ! 1 1 5001 500 O O O ~ L ~ ~ ~ - ~ O ~ / O O L V K ~ ~ O  

RECRLI 18299 I 3/14/00 OODll66-004.002 CHLOROMETHANE I MD1 91I%RECI 1 500 500 0003L744-004 OOLVKlZO 

- RECRLi 18299 __ 3/14/00 OODll66-004.002 /cis-l.2-DICHLOROETHENE i MS1 101(%RECi 1 1  i 5001 500 0003L744-004 100LVK120 

RECRL! 18299 i 3/14/00 OODll66-004.002 Icis-1.2-DICHLOROETHENE 1 MD1 I 107i%RECI 1 1  I , 5001 500 0003L744-004 IOOLVK120 

RECRLJ 18299 3/14/00 00D1166-004.002 lcis-1 ,bDICHLOROPROPENE 1 MD1 99 %REC I 1 I 5001 500 0003L744-004~00LVK120 

RECRLI 18299 3/14/00 OODll66-004,002 f DIBROMOCHLOROMETHANE 1 MS1 ' 109 %REC I 1 I 5001 500 0003L744-004 00LVK120 

RECRLi 18299 1 3/14/00 00D1166-004.002 DIBROMOCHLOROMETHANE I MD1 114 %REC 1 1  500) 500 0003L744-004 OOLVKl2O 

RECRLll8299 i 3/14/00)00D1166-004.002 DIBROMOMETHANE 1 MS1 I 102 %REC[ 1 1  5001 500 0003L744-004 00LVK120 

1 1 5001 500 0003L744-004 00LVK120 

RECRLll8299 3/14/00/00D1166-004.002 DICHLORODIFLUOROMETHANE MDl I 103 %REC 1 1  500 I 500 0003L744-004 00LVK120 

RECRLI 18299 3/14/00/OODl166-004.002 iDlCHLORODlFLUOROMETHANE MS1 I 109 %REC 1 1  500 500 0003L744-004 00LVK120 

RECRL(18299 ' 3/14/00~00D1166-004.002 (ETHYLBENZENE MS1 105(%REC i 1 I 500 500 0003L744-004 00LVK120 

RECRLl 18299 I 3/14/00~00D1166-004.002 [ETHYLBENZENE [ MD1 114)%REC/ i 1 1 500 500 0003L744-004 00LVK120 

RECRLi18299 1 3/14/00[OODl166-004.002 IHEXACHLOROBUTADIENE MS1 104l%RECl 1 1  I 500 500 0003L744-004 00LVK120 

RECRLll8299 3/14/00~00D1166-004.002 /HEXACHLOROBUTADIENE MD1 1051%RECI 1 1 5001 500 /0003L744-004 00LVK120 

RECRLll8299 I 3/14/00 0001 166-004.002 1 ISOPROPYLBENZENE MD1 102 %REC I 1 1 500 500 0003L744-004 00LVK120 

RECRLll8299 3/14/00 00D1166-004.002 ISOPROPYLBENZENE I MS1 103 %REC 1 I 500 500 0003L744-004 00LVK120 

) MD1 25 %REC 1 500 500 0003L744-004 00LVK120 

RECRL 18299 3/14/00 OODll66-004.002 METHYLENE CHLORIDE 1 MS1 26 %RECI 1 500 500 0003L744-004 00LVK120 

RECRL 18299 3/14/00 00D1166-004.002 NAPHTHALENE MD1 100 %REC 1 500 500 0003L744-004 00LVK120 

RECRL 18299 3/14/00 OODll66-004.002 NAPHTHALENE MS1 102 %REC 1 500 500 0003L744-004 00LVK120 

MS1 104 %REC I 1 500 500 0003L744-004 00LVK120 

RECRL 18299 3/14/00 OODll66-004.002 n-BUTYLBENZENE MD1 112 %REC 1 500 500 0003L744-004 00LVK120 

RECRL, 18299 , 3/14/00 OODll66-004.002 n-PROPYLBENZENE MD1 107 %REC 1 500 500 0003L744-004 '00LVK120 

RECRLll8299 ! 3/14/00 0001 166-004.002 [cis-1 ,bDICHLOROPROPENE 1 MS1 [ 99 %REC 1 i 5001 500 0003L744-004~00LVK120 

RECRLll8299 3/14/00 IOOD1166-004.002 DIBROMOMETHANE MD1 1 104,%REC[ 

RECRL 18299 3/14/00 OODll66-004.002 METHYLENE CHLORIDE 

RECRL 18299 3/14/00 OODll66-004.002 n-BUTYLBENZENE 

500 500 0003L744-004 OOLVK RECRL 18299 3/14/00 00D1166-004,002 n-PROPYLBENZENE 1 MSl 110 %REC 1 

RECRLll8299 / 3/14/00 OODll66-004.002 I p-CHLOROTOLUENE MD1 106[%REC 1 

1 500 500 0003L744-004 OOLV RECRL 18299 3/14/00 OODll66-004,002 0-CHLOROTOLUENE MD1 1 106 %REC 
RECRLll8299 3/14/00 00D1166-004.002 10-CHLOROTOLUENE 

RECRLi 18299 3/14/00 00D1166-004.002 Ip-CHLOROTOLUENE 

RECRL 18299 

RECRLi 18299 3/14/00~00D1166-004.002 sec-BUTYLBENZENE MD1 108 %REC , 1 ' 500 500 ~ 0 3 ~ 7 4 4 - 0 0 4  ooLvKi20 

RECRLll8299 , 3/14/00 00D1166-004.002 STYRENE 

MS1 106/%REC 1 500 500 0003L744-004 00LVK120 

500 500 0003L744-004 00LVK120 

MS1 108 %REC I 1 500 500 0003L744-004 00LVK120 

RECRL 18299 3/14/00 OODll66-004.002 [PROPANE, 1 ,2-DIBROM0-3-CHLORO- MD1 104 %REC 1 500 500 0003L744-004 00LVK120 

3/14/00 OODll66-004.002 PROPANE, 1,2-DlBROMO-3-CHLORO- MS1 117 %REC 1 500 500 0003L744-004 00LVK120 

RECRL, 18299 1 3/14/00,00D1166004.002 sec-BUTYLBENZENE MS1 102 %REC 1 ,  500 500 0003L744-004,00LVK120 

MS1 102 %REC 1 500 500 0003L744-004 00LVK120 

RECRLI 18299 3/14/00 OODll66-004.002 STYRENE , MD1 104 %REC 1 500 I 500 0003L744-004 00LVK120 

RECRL! 18299 I 3/14/00 OODll66-004,002 tert-BUTYLBENZENE MS1 106 %REC 1 , 500 500)0003L744-004 00LVK120 

RECRLI 18299 I 3/14/00 OODll66-004,002 tert-BUTYLBENZENE I MD1 i -111 %REC, i 1 1 500 500~0003L744-004 00LVK120 

RECRLll8299 I 3/14/00 00D1166-004.002 lTETWCHLOROETHENE MD1 21, %REC 1 1 500 500/0003L744-004 100LVKi20 

1 i 500 500 0003L744-004 00LVK120 RECRLI 18299 1 3/14/00 OODll66-004.002 lTETRACHLOROETHENE MS1 21 %REC 
RECRLI 18299 3/14/00~00D1166-004.002 )TOLUENE MS1 108 %REC 1 )  ' 500 I 500 0003L744-004 00LVK120 

RECRLll8299 3/14/00 OODll66-004.002 [TOLUENE . MD1 109 %REC 1 1 1 500 500 0003L744-004 00LVK120 

RECRL 18299 3/14/00 00D1166-004.002 TOTAL XYLENES MS1 108 %REC 1 500 500 [0003L744-004 OOLVKl20 

RECRL 18299 3/14/00 00D1166-004.002 TOTAL XYLENES .MD1 lli %REC 1 500 500 0003L744-004 00LVK120 

RECRL, 18299 3/14/00 OODll66-004.002 trans-1.2-DICHLOROETHENE MS1 106 %REC 1 500 500 0003L744-004 00LVK120 

RECRL 18299 , 311 4/00 OODll66-004.002 trans-1.2-DICHLOROETHENE MD1 110 %REC 1 500 500 0003L744-004 00LVK120 

RECRLll8299 3/14/00 OODll66-004.002 trans-1.3-DICHLOROPROPENE MD1 98 %REC 1 500 I 500 0003L744-004 00LVK120 

RECRL 18299 311 4/00 OODll66-004.002 trans-1.3-DICHLOROPROPENE MS1 1 105 %REC 1 1 500 500 0003L744-004 OOLVKl20 

RECRL 18299 I 3/14/00 OODll66-004.002 TRICHLOROETHENE MS1 100 %REC 1 500 I 500 0003L744-004 00LVK120 

RECRL 18299 I 3/14/00 OODll66-004,002 TRICHLOROETHENE MD1 112 %REC 1 500 500 0003L744-004 00LVK120 

RECRLll8299 i 3/14/00'00D1166-004.002 /TRICHLOROFLUOROMETHANE MD1 ' 101 %REC 1 1 500 500 0003L744-004 '00LVK120 

RECRL/18299 j 3/14/00 OODI 166-004.002 TRICHLOROFLUOROMETHANE MS1 105 %REC 1 500 500 0003L744-004 OOLVK 

RECRLI 18299 1 3/14/00 OODll66-004.002 VINYL CHLORIDE MS1 97 %REC 1 500 500 0003L744-004 OOLVK 

RECRLl18299 1 3/14/00 OODll66-004.002 VINYL CHLORIDE MD1 109 %REC 1 500 500 0003L744-004 OOLVK 

GEL (21697 I 9/26/00 00D1536-003.002 1,l-DICHLOROETHENE MS1 104 %REC 1 0.5 111000114609 48115 

E-30 ZOO0 Annual Table (H.5) Matrix Splka~.xb 
Note: Soma LOcations am not in IMP. These Locations am Included because 
analyses apply to resub that am from IMP Locations. 



Appendix E 

Sample Result Lab Valid. Detect Dilu. Lab Lab 
Bottle # Analyte 

Result Units Qual ation Limit tion Sample# Batch# Date Type 
0.5 1 1000114610 48115 

' 9/26/00~00D1536-003.002 ,BENZENE ' MS1 1 102I%REC 1 1  0.51 1 1000114609 i48115 

GEL 121697 9/26/00 I OOD 1536-003.002 BENZENE MD1 I 102 %REC 1 1 I 0.5i 1 ioooii4610 148115 

GEL I21 697 I 9/26/00 !00D1536-003.002 CHLOROBENZENE MS1 1 96 %REC 1 1 1 0.51 1 io00114609 148115 

GEL 121697 1 9/26/00/00D1536-003.002 /CHLOROBENZENE MD1 I 981%REC I 1 I 0.51 1 ioo0114610 '48115 

121697 1 9/26/00 0001536-003.002 11 ,I-DICHLOROETHENE I MD1 108/%REC/ [ 1 

GEL 121697 9/26/00/00D1536-003.002 TOLUENE MS1 j 94(%REC 1 1 0.51 1 1000114609 48115 

GEL 121697 9/26/00]00D1536-003.002 TOLUENE MD1 961 %REC 1 1  0.5) 1~1000114610 48115 

GEL 121697 9/26/00 ~ 00D1536-003.002 TRICHLOROETHENE MS1 100l%REC 1 1 I 0.51 1~1000114609 48115 . 
GEL I21 697 , 9/26/00 IOOD1536-003.002 TRICHLOROETHENE MD1 102 %REC [ 1 i 0.51 1~1000114610 i48115 

. RECRLl22896 7/28/00~00D1410-007.001 1,1,1 ,ZTETRACHLOROETHANE I MD1 107 %REC 1 1  I 50 0008L093-007 /00LVK315 

RECRL122896 1 7/28/00/00D1410-007.001 11,1,1.2-TETRACHLOROETHANE MS1 108 %REC 1 1  1 50 0008LO93-007 IOOLVK315 

RECRLi22896 1 7/28/00 /00D1410-007.001 1 ,l ,1-TRICHLOROETHANE MS1 111 %RECI 1 . 1  ~ 50 0008L093-007 00LVK315 

RECRLl22896 7/28/00~00D1410-007.001 1.1,l-TRICHLOROETHANE MD1 113 %RECI 1 I 50 0008L093-007, 00LVK315 

RECRLl22896 7/28/00~00D1410-007.001 1,1,2,2-TETRACHLOROETHANE MD1 99 %REC 1 50 ~0008L093-007,00LVK315 

RECRLi22896 7/28/00 100D1410-007.001 1,1,2,2-TETRACHLOROETHANE MS1 100 %REC 1 , 50 0008LO93-007 IOOLVK315 

RECRLi22896 , 7/28/00~00D1410-007.001 1,l  ,ZTRICHLOROETHANE MS1 104 %REC 1 50 0008LO93-007 00LVK315 

50 \0008L093-007 00LVK315 

50 0008L093-007 00LVK315 

RECRLI 22896 7/28/00 1 OODl410-007.001 1.1 -DICHLOROETHANE MD1 111 %REC 1 1 50 0008LO93-007 00LVK315 

50 0008LO93-007 00LVK315 

50 0008LO93-007 OOLVK315 

RECRLl22896 1 7/28/00,00D1410-007.001 I1,l-DICHLOROPROPENE MS1 88 %REC, , 1 , 5O,0008L093-007 00LVK315 

RECRLl22896 I 7/28/00'OOD1410-007.001 I1,l-DICHLOROPROPENE MD1 102 %REC 1 50 0008L093-007 00LVK315 

RECRL 22896 7/28/00 00D1410-007.001 Il,2,3-TRICHLOROBENZENE MS1 102 %REC 1 50 0008L093-007 00LVK315 

50 0008LO93-007 00LVK315 

50 0008L093-007 00LVK315 

50 0008LO93-007 00LVK315 

50 0008L093-007 00LVK315 

7/28/00 0001 410-007.001 1,2.4-TRICHLOROBENZENE MD1 105 %REC 1 50 0008LO93-007 00LVK315 

50 0008L093-007 00LVK315 

50 0008L093-007 00LVK315 

50 0008L093-007 OOLVK315 

50 0008L093-007 00LVK315 

RECRL122896 7/28/00 00D1410-007.001 1 ,ZDICHLOROETHANE MD1 I 106 %REC 1 50 0008LO93-007 00LVK315 

' 50 0008L093-007 00LVK315 

MSl  103 %REC ' 1  1 50 0008LO93-007 '00LVK315 

50 0008LO93-007 00LVK315 

RECRL122896 7/28/00,00D1410-007.001 1,3-DICHLOROBENZENE MS1 ' 106 %REC, , 1 I 50 0008LO93-007 00LVK315 

50 0008L093-007 /00LVK315 

RECRL 22896 7/28/00 00D1410-007.001 1 .bDICHLOROPROPANE MD1 92 %REC 1 50 0008LO93-007 00LVK315 

RECRL 22896 7/28/00 OODl410-007.001 1,3-DlCHLOROPROPANE MS 1 93 %REC 1 50 0008L093-007 00LVK315 

RECRL 22896 7/28/00 OODl410-007.001 1,4-DlCHLOROBENZENE MS1 103 %REC 1 50 0008LO93-007 00LVK315 

7/28/00 00D1410-007.001 1.4-DICHLOROBENZENE MD1 105 %REC 1 50 0008L093-007 00LVK315 

E 2 2 8 9 6  7/28/00~00D1410-007.001 12.2-DICHLOROPROPANE MS1 95 %REC 1 50 0008L093-007 IOOLVK315 

RECRLi22896 j 7/28/00 OOD1410-007.001 2,2-DICHLOROPROPANE ~ MD1 ~ 95 %RECs 1 1 1 50 0008L093-007 00LVK315 

I 50 0008LO93-007 00LVK315 

1 50 0008LO93-007 00LVK315 

RECRL 22896 7/28/00 00D1410-007.001 4-ISOPROPYLTOLUENE 

RECRL 22896 7/28/00 00D1410-007.001 IBENZENE 1 ..MS1 110 %REC 1 ' 50 0008LO93-007 00LVK315 

I 50 0008L093-007 (00LVK315 RECRL 22896 ' 7/28/00 OOD1410-007.001 [BENZENE .Ii,MD1 I 1121%RECl 1 1 ~ 

RECRL 22896 / 7/28/00 00D1410-007.001 BENZENE, 1,2,4-TRIMETHYL jMD1 103 %REC 1 50 0008L093-007 00LVK315 

RECRL 22896 7/28/00 OOD1410-007.001 BENZENE, 1,2.4-TRIMETHYL MS1 104 %REC 1 50 0008L093-007 00LVK315 

RECRL 22896 7/28/00 00D1410-007.001 BENZENE, 1,3,5-TRlMETHYL- MD1 97 %REC 1 50 0008LO93-007 00LVK315 

7/28/00 00D1410-007.001 BENZENE, 1,3,5TRIMETHYL- MS1 107 %REC 1 50 0008LO93-007 00LVK315 

7/28/00 00D1410-007.001 BROMOBENZENE . MD1 100 %REC 1 50 0008L093-007 00LVK315 

7/28/00 00D1410-007.001 BROMOBENZENE MS1 101 %REC 1 50 0008L093-007 00LVK315 

7/28/00 00D1410-007.001 BROMOCHLOROMETHANE MS1 111 %REC 1 50 0008L093-007 00LVK315 

RECRL122896 I 7/28/00~00D1410-007.001 1,1,2-TRlCHLOROETHANE MD1 106 %REC 1 
RECRL122896 7/28/00 1 OODl410-007.001 1,l  -DICHLOROETHANE MS1 108 %REC 1 

RECRLI 22896 7/28/00 00D1410-007.001 1.1 -DICHLOROETHENE MS1 104 %REC 1 
RECRLI 22896 7/28/00 00D1410-007.001 11.1-DICHLOROETHENE MD1 106 %REC 1 

RECRL 22896 7/28/00 00D1410-007.001 Il,2.3-TRICHLOROBENZENE MD1 110 %REC 1 
RECRL 22896 7/28/00 00D1410-007.001 11.2.3-TRICHLOROPROPANE MD1 99 %REC 1 

RL 22896 7/28/00 OODl410-007.001 1,2,4-TRlCHLOROBENZENE MS1 97 %REC 1 
MSl  102 %REC 1 -RL 22896 7/28/00 00D1410-007.001 ~~~~~~~ ~~ ~ ~ 

1.2.3-TRICHLOROPROPANE , 

RECRL 22896 
RECRL 22896 7/28/00 00D1410-007.001 1,2-DIBROMOETHANE MD1 98 %REC 1 
RECRL 22896 7/28/00 00D1410-007.001 1,2-DIBROMOETHANE MS1 100 %REC 1 
RECRL 22896 7/28/00 00D1410-007.001 1 ,2-DICHLOROBENZENE MS1 104 %REC 1 
RECRL122896 7/28/00 00D1410-007.001 '1,2-DICHLOROBENZENE MD1 1 106 %REC 1 

RECRLl22896 7/28/00 00D1410-007.001 1 ,2-DICHLOROETHANE MS1 ! 112I%REC 1 !  

RECRLl22896 ~ 7/28/00 00D1410-007.001 1.2-DICHLOROPROPANE MD1 108 %REC 1 1  

RECRL'22896 7/28/00 00D1410-007.001 1,3-DlCHLOROBENZENE MD1' 109 %REC 1 1  

RECRL122896 7/28/00 00D1410-007.001 ' 1 ,2-DICHLOROPROPANE 

RECRL 22896 

- 
MS1 ~ 95 %REC 1 :  

' RECRL 22896 7/28/00 00D1410-007.001 4-ISOPROPYLTOLUENE M.9 1 99 %REC 

E-3 1 2000 Annual Table ((1.51 Matrix SpIkas.xl6 
Note: Soma Location1 am not in IMP. These Localions am included bcause 
analyses apply 10 n s ~ l l s  thal am Irom IMP Locations. 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 
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. 

, 

01-RF-02107 



Appendix E Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 

RECRL!22896 
RECRL122896 

--.- 
I 7/28/00~00D1410-007.001 
I 7/28/00 loOD141 0-007.001 
I 7/28/00)00D1410-007.001 lBROMODlCHLOROMET~ANE 

! BROMOCHLOROMETHANE ~ I MD1 I 
I BROMODICHLOROMETHANE I M I  

Result Lab Valid. Detect D 
Date Qual ation Limit ti 

Bottle ## Analyte Result Units 
Sample 

Lab Location 

RECRL!22896 I 7/28/00~00D1410-007.001 !BROMOCHLOROMETHANE I MD1 1 115 %REC I 1  
RECRL122896 I 7/28/00 loOD141 0-007.001 I BROMODICHLOROMETHANE I MS1 1 111 %REC 1 1  50 IOOOBLO93-007 IOOLVK315 

RECRL!22896 I 7/28/00)00D1410-007.001 lBROMODlCHLOROMETHANE I MD1 1 117 %REC 1 1  50 10008L093-007 (00LVK315 

I 
1151 %REC! 

nesui1 units I I1 ual ation LLJ-U Limit tion Sample# Bat 

I 1  1 I ~0)000eL093-007 IOOLV 

117I%RECI I 1 I 1 50 10008L093-007 (00LVK315 I 

Note: Some Locations are not in IMP. These Locations am included bacause 
analyses apply to msults that am from IMP Locations. E-32 2000 Annual Tabla (11-5) Matrix Spilres.als 
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RECRL1783 N 1 5/23/00~00D1279-024.002 11.1-DICHLOROETHANE 1 MD1 1 118I%REC( 1 1  I 1 10010005L445-008 (OOLVKZOO 

Table I 1  -5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01 -RF-02107 

Note: Some Locations are not in IMP. These Locationr am included because 
analysea apply lo rerun?, that am from IMP Localionr. 

~ , E-33 2WO Annual Table (11-5) Halrix Spikes.xls 
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Result Lab Valid. Detect Dilu 
Date Type Qual ation Limit tion 

Bottle # Analyte Result Units 
Sample 

Lab Location 

RECRLi783 N 5/23/00~00D1279-024.002 11,l-DICHLOROETHANE MS1 131 %REC/ 1 ' I 100)ooo5L445-oo8looLv 

RECRLI783 N 5~23/00)00D1279-024.002 11,l-DICHLOROETHENE MD1 111 %REC 1 1 1 100 0005L445-008 j o o L v ~ o o  
RECRL1783 N I 5~23/00~OOD1279-024.002 1,l-DICHLOROETHENE MS1 113 YoREC ' 1  I 100 0005L445-008 IOOLVK200 

RECRLl783 N 5/23/00~00D1279-024.002 1,l-DICHLOROPROPENE MD1 I 105 %REC 1 )  j 100 0005L445-008 !OOLVK200 

RECRLl783 N 5/23/00100D1279-024.002 11,l-DICHLOROPROPENE 1 MS1 1 91 %REC 1 1 j 100 o o o ~ ~ 4 4 5 - 0 o ~ ~ o o ~ v ~ 2 o o  

RECRLl783 N 5/23/00 IOOD1279-024.002 1.2.3-TRICHLOROBENZENE MD1 1 84 %RECi 1 1 100 o o o ~ ~ 4 4 5 - 0 o 8 ) o o ~ ~ ~ 2 o o  

RECRL1783 N 5/23/00 I OODl279-024.002 1,2,3-TRlCHLOROBENZENE MS1 I 89 %RECI 1 I j 100 10005~445-008 /OOLVK~OO 

RECRL1783 N / 5/23/00~00D1279-024.002 1,2,3-TRICHLOROPROPANE MD1 1 92 %REC( 1 1  1 1 100)0005L445-008 )ooLvK2oo 

..- RECRLi783 N I 5/23/00~00D1279-024.002 , 1.2,3-TRlCHLOROPROPANE MS1 I 108 %RECI 1 1  I I 100 0005L445-008 /OOLVK200 

._ RECRLi783 _. . .___-.___I N 5/23/00(00D1279-024.002 i 1,2,4-TRlCHLOROBENZENE ! MD1 1 93 %REC! I 1 1 I 100 0005L445-008 )OOLVK200 

RECRLj783 N I 5/23/00~00D1279-024.002 11,2,4-TRICHLOROBENZENE MS1 I 102 %REC/ ! 1  I i 100 0005L445-008 IOOLVKZOO 

RECRL1783 N I 5/23/00~00D1279-024.002 1,2-DlBROMOETHANE MS1 90 %RECJ 1 ; 100 10005L445-008 IOOLVK200 

RECRLl783 N 1 5/23/00 OODl279-024.002 1.2-DICHLOROBENZENE MD1 102 %RECI 1 100 )0005L445-008 lOOLVK200 

RECRLl783 N 5/23/00 I OODl279-024.002 1 ,2-DICHLOROETHANE 1 MD1 1 93 %RECI , l  ! 100 0005L445-008 /OOLVK200 

RECRL 783 N 5/23/00 lOOD1279-024.002 1.2-DICHLOROETHANE I MSl 115 %REC 1 100 0005L445-008 )00LVK200 

RECRL 783 N I 5/23/00~00D1279-024.002 11 ,2-DICHLOROPROPANE MD1 99 %REC 1 100 0005L445-008 IOOLVK200 

~ RECRL 783 N I 5/23/00 OOD1279-024,002 Il,P-DICHLOROPROPANE MS1 i 100 %REC ; 1  I 100 0005L445-008 lOOLVK200 

RECRLl783 N j 5/23/00 00D1279-024.002 1 .ZDIBROMOETHANE MD1 117 %RECI 1 100 10005~445-008 jooLvKzoo 

RECRL1783 N ' 5/23/00 0001279-024.002 1 ,2-DICHLOROBENZENE I MS1 122 %RECI 1 100 I6e35~445-008 ~OOLVK~OO 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

i 
1 
~ ' 

~ 

~ 

~ 

~ 

01-RF-02107 

RECRL1783 N j 5/23/00 00D1279-024.002 ' 1  ,bDICHLOROBENZENE MD1 I 104 %REC( ! I  I 100 0005L445-008 j o o L v ~ o 0  

RECRL 783 N 5/23/00 00D1279-024.002 1,3-DlCHLOROBENZENE MS1 [ 123 %REC/ j 1 i 100 0005L445-008 OOLVK200 

RECRL 783 N 5/23/00~00D1279-024.002 1,3-DtCHLOROPROPANE MD1 1 86 %RECI 1 1  100 0005L445-008 OOLVK200 

RECRL 783 N 5/23/00,00D1279-024.002 1 ,bDICHLOROPROPANE MS1 1 88 %REC 1 100 0005L445-008 OOLVK200 

RECRL 783 N 5/23/00 00D1279-024.002 1 .4-DICHLOROBENZENE MD1 103 %REC 1 100 10005L445-008 OOLVK200 

RECRL 783 N ' 5/23/00 00D1279-024.002 1,4-DlCHLOROBENZENE I MS1 I 123 %REC 1 100 0005L445-008 IOOLVK200 

~RECRL 783 N , 5/23/00 00D1279-024.002 2,ZDICHLOROPROPANE MD1 I 86 YoREC, 1 
RECRL 783 N 5/23/00 00D1279-024.002 2,2-DICHLOROPROPANE MS1 94 %REC 1 
RECRL 783 N 5/23/00 00D1279-024.002 44SOPROPYLTOLUENE MD1 99 YoREC 1 
RECRL 783 N 5/23/00 00D1279-024.002 44SOPROPYLTOLUENE MS1 131 %REC 1 I 100 0005L445-008 00LVK200 

RECRL 783 N , 5/23/00 00D1279-024.002 BENZENE MD1 110 %REC 1 100 0005L445-008 OOLVK200 

RECRL 783 N 1 5/23/00 00D1279-024.002 BENZENE MS1 113 %REC 1 100 0005L445-008 OOLVK200 

RECRL1783 N 1 5/23/00 00D1279-024.002 IBENZENE, 1 ,2,4-TRIMETHYL MD1 I 102 YoREC) 1 100 10005L445-008 OOLVWOO 

RECRL 783 N 5/23/00~00D1279-024.002 [BENZENE, 1.2.4-TRIMETHYL MS1 I 128 %REC 1 1  100 0005L445-008 IOOLVK200 

I 100 0005L445-008 OOLVK200 

RECRL 783 N 5/23/00 OODl279-024.002 BENZENE, 1.3,STRIMETHYL- MS1 I 106 %REC 1 100 0005L445-008 OOLVK200 

RECRL 783 N 5/23/00 OODl279-024,002 BROMOBENZENE MD1 98 %REC 1 100 0005L445-008 OOLVK200 

RECRL 783 N 5/23/00 00D1279-024.002 BROMOBENZENE MS1 107 %REC 1 100 0005L445-008 OOLVK200 

RECRL1783 N 5/23/00 00D1279-024.002 BROMOCHLOROMETHANE MDI 100 %REC 1 100 0005L445-008 OOLVK200 

RECRL 783 N 5/23/00 00D1279-024.002 I BROMOCHLOROMETHANE MS1 116 %RECI 1 100 0005L445-008 00LVK200 

RECRL 783 N I 5/23/00joo~i279-024.002 I BROMODICHLOROMETHANE MD1 I 85 %RECI 1 100 0005L445-008 00LVK200 

RECRL 783 N I 5/23/00~00D1279-024.002 IBROMODICHLOROMETHANE MS1 85 %REC 1 100 0005L445-008 OOLVK200 

RECRL1783 N ! 5/23/00~00D1279-024.002 [BROMOFORM MS1 34 %REC 1 100 0005L445-008 OOLVKZOO 

RECRL1783 N I 5/23/00~00D1279-024.002 'BROMOFORM MD1 52 %REC I 1 I 100 0005L445-008 OOLVK200 

RECRL'783 N I 5/23/00 00D1279-024.002 BROMOMETHANE MD1 57 %REC 1 100 0005L445-008 OOLVK200 

RECRL 783 N 1 5/23/00 OOD1279-024:002 BROMOMETHANE MS1 76 %RECI 1 I 100 0005L445-008 OOLVK200 

RECRL 783 N 5/23/00 00D1279-024.002 CARBON TETRACHLORIDE MS1 I 86 %REC 1 [ 100 0005L445-008 OOLVK200 

RECRL 783 N 5/23/00 OOD1279-024.002 CARBON TETRACHLORIDE MD1 88 %REC 1 I 100 0005L445-008 OOLVK200 

RECRL1783 N 5/23/00 00D1279-024.002 ICHLOROBENZENE MD1 98 %REC 1 1  I 100 0005L445-008 OOLVK200 

RECRL 783 N , 5/23/00 O,OD1279-024.002 [CHLOROBENZENE MSl , 100,%REC 1 1  I 100 0005L445-008 OOLVK200 

RECRL 783 N 5/23/00 00D1279-024.002 I CHLOROETHANE MD1 91 YoREC 1 [ 100 0005L445-008 OOLVK200 

RECRL 783 N 5/23/00 O.ODl279-024.002 CHLOROETHANE MS1 140 %REC 1 I 100 0005L445-008 IOOLVK200 

RECRL 783 N 5/23/00 OODl279-024.002 CHLOROFORM MD1 109 %REC 1 1 100 0005L445-008 IOOLVK200 

RECRL 783 N 5/23/00 00D1279-024.002 CHLOROFORM MS1 I 1241%REC 1 100 0005L445008 IOOLV 

RECRL 783 N 5/23/00 OODl279-024.002 CHLOROMETHANE MD1 I 149)YoREC 1 100 0005L445-008 IOOLV 

RECRL1783 N 5/23/00 OOD1279-024.002 CHLOROMETHANE MS1 I 2271%REC 1 !  100 0005L445-008 IOOLV 

RECRLl783 N , 5/23/00 I OODl279-024,002 I cis-1 ,2-DICHLOROETHENE MD1 I 102 1 %REC 1 )  1 100 0005L445-008 IOOLVK200 

RECRL 783 N 5/23/00~00D1279-024.002 1 BENZENE, 1 ,3.5-TRIMETHYL- l MD1 I 16 %REC I 1 I 

E-34 Note: Some Locations am not in IMP. There Locations am included because 
enaiysos apply to msults that am from IMP Locations. Zoo0 Annual Tabla (114) Malm Spikes.xls 



Appendix E Table 11-5 01-RF-02107 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Sample Result 
Date Type 

Lab Location Bottle # Analyte Result Units 

L1783 N 5/23/00 00D1279-024.002 !cis-l.2-DICHLOROETHENE MS1 I 1131%RECI I 1 1 I 1 0 0 ~ o o o ~ ~ 4 4 ~ - o o e ~ 0 0 ~ ~ ~ 2 0 0  
: MS1 I 731 %RECI l !  I 100 10005L445-008 iOOLVK200 

100 0005L445-008 jOOLVK200 ii---i----- ! 100 0005L445-008 OOLVK200 

I 1 OO'OOO5L445-008 IOOLVK200 

RECRLl783 N I 5/23/00 00D1279-024.002 'DIBROMOMETHANE I MS1 1 119,%RECI / I  i 1 100 10005L445-008 100LVK200 

RECRLi783 N 5/23/00 OOD1279-024.002 DICHLORODIFLUOROMETHANE 1 MD1 98 %REC/ j 1 1 1 100 0005L445-008 !OOLVK200 

RECRL,783 N 5/23/00 00D1279-024.002 DICHLORODIFLUOROMETHANE 1 MS1 I 148 %RECi i 1 1 1 100 0005L445-008 IOOLVK200 

- 5~23/00/00D1279-024.002 ;cis-l.3-DICHLOROPROPENE 
1-- -__ 

RECRLi783 N ! 5/23/00~00D1279-024.002 /cis-l.3-DICHLOROPROPENE j MD1 I 81i%RECI 1 1  

701&-1+-( 
RECRL1783 N j 5/23/00 0001279-024.002 IDIBROMOMETHANE I MD1 1 101l%RECI 1 1  I 

.-._____ 
58 %RECI 

I 100 0005L445-008~00LvK200 

RECRLi783 N 1 5/23/00~00D1279-024.002 IDIBROMOCHLOROMETHANE 1 MSl 
RECRLl783 N ! 5/23/00~00D1279-024.002 lDlBROMOCHLOROMETHANE I MD1 [ 

RECRL 783 N 5/23/00 0001279-024.002 ETHYLBENZENE 1 MS1 I 104I%RECI 1 1 1 100 0005L445-008)00LvK200 

RECRL 783 N 5/23/00 I OODl279-024.002 1 ETHYLBENZENE I MD1 I 111/%REC/ i 1  1 1 100 0005~445-008 /OOLVK~OO 

RECRL 783 N I 5/23/00 00D1279-024.002 lHEXACHLOROBUTADlENE MD1 1 103 %REC/ 1 i  100 0005L445-008 IOOLVK200 

RECRLi783 N 5/23/00 00D1279-024,002 HEXACHLOROBUTADIENE MS1 I 132 %RECI 1 1  100 0005L445-008 /OOLVK200 

RECRL1783 N 5/23/00~00D1279-024.002 ISOPROPYLBENZENE 1 MS1 ! 107 %RECI 1 1  100 0005L445-008 /OOLVK200 

RECRL/783 N 5/23/00~00D1279-024.002 ISOPROPYLBENZENE MD1 I 108 %REC/ 1 ! i 100 0005L445-008 OOLVK200 
RECRLl783 N 5/23/00~00D1279-024.002 1 METHYLENE CHLORIDE MD1 I 70 %REC 1 '  100 0005L445-008 OOLVK200 

RECRL'783 N 5/23/00l00D1279-024.002 1 METHYLENE CHLORIDE 1 MS1 I 99 %REC 1 100 0005L445-008 OOLVK200 

RECRL 783 N I MS1 I 76 %REC' I 1  ; 0005L445-008 OOLVK200 

RECRL 783 N 5/23/00 00D1279-024.002 NAPHTHALENE 1 MD1 1 100 %REC ( 1  I 100 0005L445-008 OOLVK200 

RECRL 783 N 5/23/00 00D1279-024.002 n-BUTYLBENZENE I MD1 I 96 %REC j 1  j 100 0005L445-008 OOLVK200 

' 

i 100 
' 5/23/00 00D1279-024.002 'NAPHTHALENE 

I . .  

Note: Some Locations am no1 in IMP. There LOCa1Ions am included because 
analyses apply Io  msults that am from IMP Locations. E-35 ZOO0 Annual Table (114) Matrir SpIkos.xIs 



Sample 
Date 

Lab Location Result Detect Dilu. Lab Lab 
Type Limit tion Sample# Bat 

Bottle # Analyte Result Units 

RECRLl89lCoLGAL 6/20/00~00D1306-034.001 /1,1,2,2-TETRACHLOROETHANE 1 MD1 105) %RECi i j I 1 -- 0006L668-015)OOLV 

RECRLI~SICOLGAL I 6/20/00 
RECRL~ICOLGAL 1 6/20/00 

00D1306-034.001 11.1 .2-TRICHLOROETHANE MD1 104i%RECI . I 1 1 '0006L668-015 '00LVK260 

00D1306-034.001 ! 1 ,I-DICHLOROETHANE MD1 1001%REC/ 1 I 1 0006L668-015 OOLVK260 

RECRL(~~ICOLGAL I 6/20/00)00D1306-034.001 11.1 -DICHLOROETHANE MS1 100 %RECI I 1 1 0006L668-015 OOLVK260 

RECRL~~ICOLGAL 1 6~2o~oo j00~ i~o6-034.00 i  1 1  ,~-DICHLOROETHENE 
RECRL~E~ICOLGAL I 6 ~ 2 o ~ o o ~ o o ~ i ~ o 6 - o ~ 4 . o o i  11 ,~-DICHLOROETHENE 
RECRL/89icoLGAL I 6/20/00 00D1306-034.001 11 .l-DICHLOROPROPENE 

MD1 90 %REC/ ' I 1 0006L668-015~00LVK260 

MS1 99 %RECJ I 1 ~0006L668-015~00LVK260 

MS1 1 98 %RECI 
f 1 )0006L668-015 (OOLVK260 

RECRL~~~ICOLGAL 6/20/00 00D1306-034.001 j 1,l-DICHLOROPROPENE 1 MD1 1 98 
RECRLi89lCOLGAL ' 6/20/00 00D1306-034.001 11,2,3-TRICHLOROBENZENE MS1 I 99 

%REC( i 1 (0006~668.015 ~ O O L V K ~ ~ O  

%REC! , ! I 1 i0006L668-015 )OOLVK260 

RECRL(~~ICOLGAL 6/20/00 lOODl306-034.001 1 1,2,3-TRlCHLOROBENZENE MD1 ! 1071%REC/ i I 1 ~0006L668-015~00LVK260 

RECRL~~~ICOLGAL 6/20/00(00D1306-034.001 !1,2.3-TRICHLOROPROPANE MS1 104i%REC! I I 1 1 ~0006L668-015~00LVK260 

I MD1 113[%RECI j 1 ~ O M ) ~ L ~ ~ O ~ ~ ~ O O L V K ~ ~ O  RECRLI~WCOLGAL 1 6/20/00)00D1306-034.001 Il,2,3-TRICHLOROPROPANE I 
RECRL~~~ICOLGAL 6/20/00 00D1306-034.001 Il,2,4-TRICHLOROBENZENE I MS1 95/%RECI ! I 1 10006L668-015(00LVK260 

RECRL~BSICOLGAL 6/20/00 00D1306-034.001 11,2,4-TRlCHLOROBENZENE I MD1 100 %RECI I 1 1 10006L668-015 /OOLVK260 

RECRL~~~ICOLGAL 6/20/00 00D1306-034.001 1 ,ZDIBROMOETHANE I MS1 100 %REC I 1 10006L668-015 OOLVK260 

RECRL~~~ICOLGAL 6/20/00 OODl306-034.001 1,5-DIBROMOETHANE MD1 101 %REC 1 10006L668-015 00LVK260 

RECRLI~SICOLGAL 6/20/00 00D1306-034.001 1.2-DICHLOROBENZENE MD1 I 104 %REC 1 10006L668-015 OOLVK260 

MS1 111 %REC i 1 (0006L668-015 OOLVK260 

RECRLIBBICOLGAL 6/20/00 00D1306-034.001 1,2-DICHLOROETHANE MD1 117 %REC- ~ I 1 /0006L668-015 /OOLVK260 

RECRL 89lCOLGAL 6/20/00 OODl306-034.001 1,2-DICHLOROETHANE MS1 112 %RECI [ 1 0006L668-015 OOLVK260 

RECRL 8gicoLGAL ' 6/20/00 00D1306-034.001 11 ,2-DICHLOROPROPANE MD1 98 %REC~ 1 1 0006L668-015 OOLVK260 

RECRL 8gicoLGAL 6/20/00~00D1306-034.001 1 ,2-DICHLOROPROPANE MS1 100 %REC ! 1 0006L668-015 OOLVK260 

RECRL 891COLGAL 6/20/00 0001 306-034.001 1 ,3-DICHLOROBENZENE MS1 1 103(%REC I 1 1 0006L668-015 OOLVK260 

MD1 I 104 %REC j 1 ~0006L668-015~00LVK260 

RECRL 8gicoLGAL I 6/20/00 OODl306-034.001 1,3-DlCHLOROPROPANE MS1 I 93 %RECI ' 1 1 ~0006L668-015'00LVK260 

RECRL 8gicoLGAL 1 6/20/00 I OODl306-034.001 1,3-DlCHLOROPROPANE MD1 i 94 %REC/ I 1 0006L668-015 OOLV 

I 

RECRL(~~ICOLGAL 6/20/00 00D1306-034.001 1.2-DICHLOROBENZENE ~- ~~~ 

RECRLj89iCOLGAL 1 6/20/00 OOD1306-034.001 ' 1 ,3-DICHLOROBENZENE 

MS1 101 %REC' I 1 0006L668-015 OOLV RECRL 8gicoLGAL I 6/20/00'00D1306-034.001 1,4-DlCHLOROBENZENE 
MD1 104 %REC 1 0006L668-015 OOLVK260 RECRL~~WCOLGAL I 6/20/00 00D1306-034.001 1 ,4-DICHLOROBENZENE 

RECRL 89icoLGAL I 6/20/00 OOD1306-034.001 2,2-DICHLOROPROPANE MD1 99 %REC 1 0006L668-015 00LVK260 

99 %REC 1 0006L668-015 00LVK260 RECRL 8gicoLGAL I 6/20/00 00D1306-034.001 2.2-DICHLOROPROPANE 
RECRL 8gicoLGAL 1 6/20/00 OODl306-034.001 44SOPROPYLTOLUENE MD1 95 %REC! 1 )0006L668-015 OOLVK260 

RECRL 8gicoLGAL ' 6/20/00 00D1306-034.001 I44SOPROPYLTOLUENE 1 MS1 971%RECI i 1 0006L668-015 OOLVK260 

RECRL~~~ICOLGAL 6/20/00 00D1306-034.001 [BENZENE 1 MS1 1001%REC! ! 1 0006L668-015~00LVK260 

RECRL~BOICOLGAL I 6/2o/oo oo~i306-034.00i !BENZENE I MD1 1 101(%REC/ ! i 1 0006L668-015~00LVK260 

RECRL(BBICOLGAL I 6/20/00 00D1306-034.001 I BENZENE, 1,2,4-TRIMETHYL i MS1 93 %REC[ 1 0006L668-015 OOLVK260 

RECRLj89icoLGAL I 6/20/00 OOD1306-034.001 'BENZENE, 1.2.4-TRIMETHYL MD1 96 %REC~ i 1 0006L668-015 OOLVK260 

i 1 0006L668-015 00LVK260 

RECRL(~WCOLGAL 1 6/20/00 OODl306-034.001 BENZENE, 1,3,5-TRIMETHYL- MS1 109 %REC 1 1 0006L668-015 OOLVK260 

RECRL~~~ICOLGAL I 6/20/00 OOD1306-034.001 BROMOBENZENE MS1' 941%REC I 1 0006L668-015 OOLVK260 

RECRL~~~~COLGAL I 6/20/00 OODl306-034.001 BROMOBENZENE MD1.. 95 %REC, 1 1 0006L668-015 OOLVK260 

RECRLI~~ICOLGAL I 6/20/00 OODl306-034.001 BROMOCHLOROMETHANE . MSl,.' 108 %REC i 1 0006L668-015 OOLVK260 

RECRL~~~ICOLGAL I 6/20/00 00D1306-034.001 BROMOCHLOROMETHANE I MD1 113 %REC I 1 0006L668-015 OOLVK260 

I 110006L668-015 OOLVK260 

RECRLj89icoLGnL 1 6/20/00 00D1306-034.001 BROMODICHLOROMETHANE MDl 108 %REC I 110006L668-015 OOLVK260 

RECRL~~~ICOLGAL I 6/20/00 OODl306-034.001 BROMOFORM ' ' MSl 109 %REC I I 1 0006L668-015~00LVK260 

RECRL~~~ICOLGAL I 6/20/00 OOD1306-034.001 BROMOFORM MD1 11OI%REC I 1 1 0006L668-015 OOLVK260 

RECRL(~~ICOLGAL 6/20/00 OODl306-034.001 BROMOMETHANE MD1 96/%REC I I 1 0006L668-015 OOLVK260 

RECRL~~~ICOLGAL MS1 104I%REC 1 1 0006L668-015 OOLVK260 

RECRLIBWCOLGAL 1 6/20/00 00D1306-034.001 CARBON %?TKCKORlDE MD1 107(%RECI 1 10006L668-015 OOLVK260 

RECRL~~~ICOLGAL 1 6/20/00 OODl306-034.001 CHLOROBENZENE MS1 99 %REC( 1 0006L668-015 OOLVK260 

RECRLj89lCOLGAL I 6/20/00 00D1306-034.001 ICHLOROETHANE MDI '94 %REC 1 0006L668-015 OOLV 

MS1 

RECRLI~OICOLGAL 1 6/20/00 00D1306-034.001 BENZENE, 1,3,ITRIMETHYL- MD1 107 %REC/ I 

RECRLI~~ICOLGAL I 6/20/00 OOD1306-034.001 1 BROMODICHLOROMETHANE . . ' MS1 1 107 %REC 

RECRL~~ICOLGAL 6/20/00 00D1306-034.001 I BROMOMETHANE MSI 97 I %REC j 1 0006L668-015 OOLVK260 

I 6/20/00 OODl306-034.001 CARBON TETRACHLORIDE 

RECRL~~~ICOLGAL 1 6/20/00 OOD1306-034.001 CHLOROBENZENE MD1 100 %RECI 

RECRL~~~ICOLGAL I 6/20/00 00~1306-034.001 JCHLOROETHANE MS1 98 %REC 
,RECRL~~~ICOLGAL I 6/20/00~OODl306-034.001 [CHLOROFORM 1 MD1 I 1031YoREC1 

E-36 2OW Annul Table (lt.5) Matrix SpikeS.ds 
Note: Some Locations am not in IMP. These Locations am included bcause 
analyses apply to msults lhat am from IMP Locations. 



Lab Sample Result Detect Dilu. Lab Lab 
Location Bottle # Analyte Result Units Date Type Limit lion Sample# Batch# 

Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 
Groundwater Calendar Year 2000 

L~~~ICOLGAL I 6/20/00~00D1306-034.001 lCHLOROFORM MS1 105I%RECI I 1 0006L668-015 OOLVK260 

L~~~ICOLGAL I 6/20/00~00D1306-034.001 /CHLOROMETHANE 1 MD1 1 931%RECI I 1 0006L668-015 IOOLVK260 
RECRLlegicoLGAL 1 6~20~00(00D1306-034.001 /CHLOROMETHANE I MS1 951%REC/ I !  1 (0006L668-015 /OOLVK260 

RECRL~~~~COLGAL I 6~20~00)00D1306-034.001 [cis-1 ,ZDICHLOROETHENE I MS1 971 %RECI j 1 1 10006L668-015 IOOLVK260 

______ R E C R L ~ ~ ~ ~ C O L G A L  I 6/20/00 /00D1306-034.001 Icis-l,2-DICHLOROETHENE I MDI  1001%REC/ i j ~ 1 0006L668-015 /00LVK260 

R E C R L ~ C O L G A L  1 6/20~00~OOD1306-034.001 icis-1 ,3-DICHLOROPROPENE I MD1 / 91(%REC( 1 i 1 0006L668-015/00LVK260 

RECRLi89iCOLGAL ~ 6/20/00 100D1306-034.001 I DIBROMOCHLOROMETHANE MD1 1 108 %RECI I I 1 0006L668-015~00LVK260 

RECRL/B~ICOLGAL 1 ~ ~ ~ o ~ o o ~ o o ~ i 3 o ~ - o 3 4 . o o i  ~DIBROMOCHLOROMETHANE MS1 / 110 %RECi i : 1 0006L668-015 iOOLVK260 

RECRLi89icoLGAL 1 6/20/00 00D1306-034.001 DIBROMOMETHANE MS1 122 %REC 
' i 1 0006L668-015 IOOLVK260 

RECRL 89lCOLGAL 1 6/20/00 OODl306-034.001 DICHLORODIFLUOROMETHANE MD1 91 %REC 1 1 0006L668-015 /OOLVK260 

RECRL 891COLGAL i 6/2OjOO 00D1306-034.001 1 DlCHLORODlFLUOROMETHANE MSI 1 95 %REC I 1 j 1 10006L668-015 IOOLVK260 

RECRL 89lCOLGAL j 6/20/00 00D1306-034.001 IETHYLBENZENE MS1 1 97 %REC 1 10006L668-015 'OOLVK260 

RECRLj891COLGAL 1 6/20/00,00D1306-034.001 /ETHYLBENZENE MD1 1 97 %REC ! ' 1 10006L668-015 OOLVK260 

RECRL~~BICOLGAL j 6~2o~oo)oo~i3o6-o34.ooi /HEXACHLOROBUTADIENE j MS1 1 101I%REC 1 (0006L668-015 'OOLVK260 

103 I %REC I ,  1 0006L668-015 OOLVK260 

RECRL~~~ICOLGAL 6/20/00 lOOD1306-034.001 ISOPROPYLBENZENE ' MD1 MD1 1 931%REC/ , ~ 1 0006L668-015 OOLVK260 

RECRL~~~ICOLGAL I 6/20/00~00D1306-034.001 , ISOPROPYLBENZENE MS1 961%REC 1 1 I 1,0006L66.8-015 'OOLVK260 

RECRLj89iCoLGAL 6/20/00/00D1306-034.001 METHYLENE CHLORIDE MD1 78 %REC ! j 1 0006L668-015 OOLVK260 

RECRL'~~~COLGAL 6/20/00 100D1306-034.001 NAPHTHALENE MS1 80 %REC I 1 0006L668-015 OOLVK260 

RECRL 8gicoLGAL 6/20/00[00D1306-034.001 NAPHTHALENE MD1 90 %REC 1 1 0006L668-015 OOLVK260 

RECRL 8gicoLGAL 6/20/00(00D1306-034.001 n-BUTYLBENZENE MS1 91 %REC 1 1 0006L668-015 OOLVK260 

RECRLI~~ICOLGAL ~ 6/20~00)00D1306-034.001 ~cis-l,3-DICHLOROPROPENE j MSI  j 93/%RECI i j 1 0006L668-015 ~ O O L V K ~ ~ O  

I I 1 0006L668-015 IOOLVK260 RECRL 89icoLGAL I 6/20/00 00D1306-034.001 DIBROMOMETHANE MD1 122 %REC 

RECRLj891COLGAL I 6/20/00 !00D1306-034.001 HEXACHLOROBUTADIENE -___ - 

I 
RECRLI~SICOLGAL 6/20/00~00D1306-034.001 METHYLENE CHLORIDE 1 MS1 92 %REC I I 110006L668-015 OOLVK260 

i 

j 1 0006~668-015 O O L V K ~ ~ O  RECRL 89icoLGAL 6/20/00 00D1306-034.001 n-BUTYLBENZENE 1 MD1 921%REC ! 

L(8gicoLGAL 6/20/00'00D1306-034.001 n-PROPYLBENZENE MS1 97 %REC ' I  
L~~~ICOLGAL 6/20/00 OODl306-034.001 o-CHLOROTOLUENE MS1 98 %REC i 

1 0006L668-015 00LVK260 

1 0006L668-015 OOLVK260 

1 0006L668-015 OOLVK260 

RECRL~~~ICOLGAL 6/20/00 OOD1306-034.001 0-CHLOROTOLUENE MD1 98 %REC 1 0006L668-015 OOLVK260 

RECRLIBSICOLGAL 6/20/00~00D1306-034.001 ,p-CHLOROTOLUENE MS1 98 %REC, I I 1 0006L668-015 OOLVK260 

I L 891COLGAL 6/20/00 00D1306-034.001 n-PROPYLBENZENE MD1 96 %REC 

RECRL/BBICOLGAL , 6/20/00~00D1306-034.001 I p-CHLOROTOLUENE 1 MD1 100 %REC I I , 1 0006L668-015 OOLVK260 

! 1 0006L668-015 OOLVK260 

RECRL'~~~COLGAL 6/20/00 OOD1306-034.001 /PROPANE, 1.2-DIBROMO-3-CHLORO- MD1 100 'XOREC' I 1 0006L668-015 OOLVK260 

RECRL 89icoLGAL 6/20/00 00D1306-034.001 Isec-BUTYLBENZENE MS1 98 %REC i 1 0006L668-015 00LVK260 

1 0006L668-015 OOLVK260 

1 0006L668-015 OOLVK260 

RECRL 8gicoLGAL I 6/20/00 00D1306-034.001 \STYRENE MD1 95 %REC ' 1 0006L668-015 OOLVK260 

RECRL 8gicoLGAL 6/20/00 0001 306-034.001 1 tert-BUTYLBENZENE MD1 101 %REC 1 0006L668-015 OOLVK260 

RECRL 8gicoLGAL 6/20/00 00D1306-034.001 1 tert-BUTYLBENZENE MS1 103 %REC 1 0006L668-015 OOLVK260 

RECRL 1891 COLGAL I 6/20/00 OOD 1 306-034 .OO 1 1 TETRACHLOROETHENE MD1 , 105 %REC 1 0006L668-015 OOLVK260 

RECRL(~~~COLGAL I 6/20/00 00D1306-034.001 ITETRACHLOROETHENE i MS1 107 %REC ' i 1 0006L668-015 OOLVK260 

RECRL~~~ICOLGAL I 6/20/00,00D1306-034.001 [TOLUENE ' MD1 I 95 %REC! I 1 0006L668-015 ,OOLVK260 

RECRL~~~ICOLGAL 6/20/00 00D1306-034.001 /TOLUENE MS1 98 %REC' ! 1 1 0006L668-015 OOLVK260 

RECRL/esicoLGAL 6/20/00 /00D1306-034.001 [TOTAL XYLENES MD1 96 %REC 1 0006L668-015 OOLVKZM) 

R E C R L ~ ~ ~ ~ C O L G A L  6/20/00 00D1306-034.001 \TOTAL XYLENES MS1 .:':97. %REC I 1 0006L668-015 00LVK260 

RECRL~~~ICOLGAL 6/20/00 OODl306-034.001 trans-l,2-DICHLOROETHENE MS1 ' ::1'00 %REC 1 0006L668-015 00LVK260 

RECRL 8gicoLGAL 6/20/00 OODl306-034.001 trans-l,2-DICHLOROETHENE MD1 ',: ' 102 %REC 1 0006L668-015 OOLVK260 

RECRL 8gicoLGAL 6/20/00 OODl306-034.001 trans-1 ,3-DICHLOROPROPENE ,.MS1 1 95 %REC 1 I 1 0006L668-015 OOLVK260 

RECRL 89icoLGAL 6/20/00 OODl306-034.001 trans-1.3-DICHLOROPROPENE ' l M D l  99 %REC 1 0006L668-015 00LVK260 

RECRL 8gicoLGAL 6/20/00 OODl306-034.001 TRICHLOROETHENE ';,MSl 102 %REC 1 0006L668-015 OOLVK260 

RECRL 891COLGAL 6/20/00 OODl306-034.001 TRICHLOROETHENE ?MDl 109 %REC I 1 0006L668-015 OOLVK260 

RECRL 891COLGAL 6/20/00 OODl306-034.001 TRICHLOROFLUOROMETHANE MD1 111 %REC I 1 0006L668-015 OOLVK260 

I 1 10006L668-015 OOLVK260 L~~~ICOLGAL 6/20/00 00D1306-034.001 TRICHLOROFLUOROMETHANE MS1 113 %REC 
L 89lCOLGAL 6/20/00 OOD1306-034.001 VINYL CHLORIDE MD1 86 %REC 1 0006L668-015 OOLVK260 

- L 89lCOLGAL 6/20/00 00D1306-034.001 VINYL CHLORIDE , MS1 86 %REC 1 0006L668-015 00LVK260 

R E C R L ~ C O L W E L  \ 2/14/00 00D1126-002.001 i1.1.1,2-TETRACHLOROETHANE I MS2 1 1031 %RECiU I 25 25 0002L509-003 IOOLVK090 

RECRL/BSICOLGAL 6/20/00 OOD1306-034.001 IPROPANE, 1,2-DIBROM0-3-CHLORO- MS1 98 %REC 

RECRL 891COLGAL 6/20/00 OODl306-034.001 sec-BUTYLBENZENE MD1 98 %REC I 
RECRL 8gicoLGAL 1 6/20/00 OODl306-034.001 STYRENE ' MS1 95 %REC' i 1 

-. 

~ ~~ ~~~~~ ~~~~~~~~ ~~~ ~ 

2000 Annual Table (11-5) HItrh Splkes.xl8 E 3 7  Note: Some Locations am not in IMP. These Locations are included bacause 
analyses apply to results that are from IMP Locations. 1 ' 

' 

. 



Appendix E Table I 1  -5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 

Nom: Some Locations am no1 in IMP. These Locations am included because 
analyses apply to msultr that am from IMP Locations. E-38 2000 Annual Table (11.5) Matrlx Spihes.xls 
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RECRLI~DGOLWEL 
RECRLissicoLwEL 
RECRL 8gicoLwEL 
RECRL 89icoLwEL 
RECRL 891COLWEL 

RECRL 891COLWEL 

RECRL 89icoLwEL 
RECRL 8gicoLwEL 
RECRL/ESICOLWEL 
RECRL/E~ICOLWEL 1 
RECRL 8gicoLwEL I 
RECRL 891COLWEL 

RECRL 89lCOLWEL 

RECRL 891COLWEL 

RECRL 89icoLwEL 
RECRL 8gicoLwEL 
RECRLI~OICOLWEL 

RL 8gicoLwEL 
L 89lCOLWEL 

RL 891COLWEL 

Li89icoLwEL 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

~ ~~~ 

2/14/00'00D1126-002.001 1 PROPANE, 1,2-DlBROM~3-CHLORO~~MSl 1 101 %REC/-~ 1 25 1 2~0002L509-003 00LVK090 

2/14/00 00D1126-002.001 PROPANE, 1,2-DIBROMO-3-CHLORO- MS2 ~ 102 %RECI U 25 25 0002L509-003 OOLVKO90 

2/14/00 OODll26-002.001 sec-BUTYLBENZENE MS1 103 %REC/ 25 25 0002L509-003 00LVK090 

2/14/00 OODl126-002.001 sec-BUTYLBENZENE MS2 107 %REC U 25 25 0002L509-003 OOLVKO90 

2/14/00 0001 126-002.001 STYRENE MS1 99 %REC 25 25 0002L509-003 00LVK090 

2/14/00 OODll26-002.001 STYRENE MS2 104 %REC U 25 25 0002L509-003 OOLVKO90 

2/14/00 00D1126-002.001 tert-BUTYLBENZENE MS1 101 %REC 25 25 0002L509-003 OOLVKO90 

2/14/00 OODll26-002.001 tert-BUTYLBENZENE MS2 105 %RECU 25 25 0002L509-003 00LVK090 

2/14/00 0001 126-002.001 TETRACHLOROETHENE MS1 97 %REC 25 25 0002L509-003 00LVK090 

2/14/00 OODI 126-002.001 ITETRACHLOROETHENE MS2 107 %REC 1. 25 25 0002L509-003 00LVK090 

2/14/00 OODll26-002.001 TOLUENE MS2 , 98 %REC U 25 25 0002L509-003 ,OOLVKO90 

2/14/00 OODll26-002.001 TOLUENE MS1 100 %REC , 25, 25 0002L509-003 00LVK090 

2/14/00 OODI 126-002.001 TOTAL XYLENES MS1 0 %REC 25 25 0002L509-003 00LVK090 

2/14/00 OODll26-002.001 TOTAL XYLENES MS2 107 %RECU 25 25 0002L509-003 OOLVKO90 

2/14/00 OODll26-002.001 trans-I ,ZDICHLOROETHENE MS1 108 %REC 25 25 0002L509-003 00LVK090 

2/14/00 OODll26-002.001 trans-1 ,ZDICHLOROETHENE MS2 109 %REC U 25 25 0002L509-003 00LVK090 

2/14/00 OODll26-002.001 trans-1 .3-DICHLOROPROPENE MS2 91 %RECU 25 25 0002L509-003 00LVK090 

25 25 0002L509-003 00LVK090 

25 25 0002L509-003 00LVK090 

1 MS1 111 %REC I 25 25 0002L509-003 'OOLVKO~O 

2/14/00 OODll26-002.001 trans-1 ,bDICHLOROPROPENE MS1 93 %REC 
2/14/00 OODI 126-002.001 TRICHLOROETHENE I MS2 111 %REC 
2/14/00 OODll26-002.001 TRICHLOROETHENE 

, 2/14/00 0001126-002.001 TRICHLOROFLUOROMETHANE i MS2 I 115 %REC U j 251 25 0002L509-003 00LVK090 

01-RF-02107 



Appendix E Table 11 -5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 

E-40 2000 Annual Table (1t-5) Matrix Spikesdls 
Note: Same Localions am not in IMP. Them Locations am included because 
a ~ l y s e s  apply 10 rasulls lhal am from IMP Localions. 



Appendix E 

Sample 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Result Detect Dilu Lab Lab Bottle # Analyte Result Units 

01-RF-02107 

Date 
L 89lCOLWEL 1 8/24/00 1OOD1456-010.001 

RECRLI~~ICOLWEL 1 8/24/00~00D1456-010.001 
__ RECRL~~O~COLWEL I 8/24/00 00D1456~610.001 
RECRLl89lCoLWEL j 8/24/00'00D1456-010.001 

Type Limit tion Sample# Batch # 

BROMOMETHANE ' . j MD1 99 %REC/ 1 1  1 iOOO8L409-008 IOOLVK375 

CARBON TETRACHLORIDE I MD1 105l%REC I 1-  1 10008L409-008 '00LVK375 

CARBON TETRACHLORIDE 1 MS1 106!%REC 1 1  1 10008L409-008 00LVK375 

CHLOROBENZENE 1 MS1 102I%REC / 1  1 joo0~~409-008 O O L V K ~  

- RECRLIBSICOLWEL [ 8/24/00 I OODl456-010.001 1 CHLOROBENZENE 1 MD1 i 105I%RECI 1 1 
RECRL~E~ICOLWEL 8/24/00 oo~i456-oio.ooi JCHLOROETHANE 1 MS1 90 %REC 1 1  I 
RECRL 8gicoLwEL 8/24/00 00D1456-010.001 ICHLOROETHANE I MD1 ' 101 %REC I 1  I 
RECRL 8gicoLwEL 8/24/00 OODl456-010.001 /CHLOROFORM I MS1 112 %REC 1 1 I 
RECRL 891COLWEL 8/24/00 lOOD1456-010.001 CHLOROFORM MD1 118 %REC 1. 1 
RECRL 891COLWEL 8/24/00 IOOD1456-010.001 CHLOROMETHANE MS1 86 %REC 1 1  
RECRL/~~ICOLWEL i 8/24/00 I OOD1456-010.001 CHLOROMETHANE MD1 , 901%REC I 1  
RECRL~~~ICOLWEL 1 8/24/00 1 OOD1456-010.001 cis-1 ,ZDICHLOROETHENE MS1 105I%REC 1 1 
_. R~CRL~~DICOLWEL I 8/24/00 00D1456-010.001 /cis-l,2-DICHLOROETHENE MD1 ! 106I%REC I 1  I 

RECRL~~~ICOLWEL I 8/24/00 00D1456-010.001 cis-l,3-DICHLOROPROPENE ! MS1 ~ 112 %RECJ I 1 ~ 

1 /0008L409-008 IOOLVK375 

1 10008L409-008 00LVK375 

1 0008L409-008 00LVK375 

1 0008L409-008 00LVK375 

1 0008L409-008 00LVK375 

1 0008L409-008 00LVK375 

1 0008L409-008 00LVK375 

1 10008L409-008 00LVK375 

1 (0008L409-008 00LVK375 

1 10008L409-008 '00LVK375 

RECRLj891COLWEL i 8/24/00 OOD1456-010.001 cis-1.3-DICHLOROPROPENE MDl 112 YoRECI I 1 ! ~ 110008L409-008 
RECRLIBOICOLWEL 8/24/00 00D1456-010.001 DIBROMOCHLOROMETHANE MS1 111 %REC I 1 1 /0008L409-008 

RECRL 89lCOLWEL 8/24/00 OOD1456-010.001 DIBROMOCHLOROMETHANE MD1 111 %REC 1 1  , 1 0008L409-008 

RECRL 89lCOLWEL 1 8/24/00 00D1456-010.001 DIBROMOMETHANE MD1 115 %REC 1 1 0008L409-008 

RECRL 89lCOLWEL I 8/24/00 00D1456-010.001 DICHLORODIFLUOROMETHANE MS 1 69 %REC 1 1 0008L409-008 

RECRL~BOICOLWEL 1 8/24/00 oo~i456-oio.ooi  [DICHLORODIFLUOROMETHANE MD1 72 %REC 1 I 1 0008L409-008 

RECRLI~~ICOLWEL 8/24/00)00D1456-010.001 I ETHYLBENZENE I MS1 99 %REC 1 1 0008L409-008 

RECRLI~~ICOLWEL , 8/24/00~00D1456-010.001 IETHYLBENZENE 1 MD1 100i%REC I /  1 0008L409-008 

RECRLI~~ICOLWEL 8/24/00 IOOD1456-010.001 HEXACHLOROBUTADIENE I MS1 95) %REC , 1  1 0008L409-008 

RECRL~~~ICOLWEL 8/24/00 lOOD1456-010.001 HEXACHLOROBUTADIENE MD1 991%REC 1 1 0008L409-008 

L~~BICOLWEL j 8/24/00 00D1456-010.001 I ISOPROPYLBENZENE MS1 I 97 YoREC 1 '  1 10008L409-008 

Li89icoLwEL 8/24/00 00D1456-010.001 I ISOPROPYLBENZENE MD1 97 %REC 1 1 0008L409-008 

L/E~ICOLWEL 8/24/00 00D1456-010.001 I METHYLENE CHLORIDE MS1 o %RECI 1 1  1 0008L409-008 

RECRL 89lCOLWEL 8/24/00 00D1456-010.001 METHYLENE CHLORIDE MD1 o %RECI 1 1 0008L409-008 

RECRL 891COLWEL 8/24/00 00D1456-010.001 NAPHTHALENE MS1 97 %REC 1 I 1 0008L409-008 

RECRL 891COLWEL 8/24/00 00D1456-010.001 NAPHTHALENE MD1 101 %REC 1 1 0008L409-008 

RECRL 8gicoLwEL 8/24/00 00D1456-010.001 n-BUTYLBENZENE MS1 99 %REC 1 1 0008L409-008 
RECRL 8gicoLwEL 8/24/00 00D1456-010.001 n-BUTYLBENZENE MDl 99 %REC 1 1 0008L409-008 

RECRLI~SICOLWEL , 8/24/00 00D1456-010.001 n-PROPYLBENZENE MD1 99 %REC 1 1 0008L409-008 

RECRLI~BICOLWEL 8/24/00 00D1456-010.001 ,n-PROPYLBENZENE MS1 101 %REC 1 1 0008L409-008 

RECRLIEBICOLWEL 8/24/00 00D1456-010.001 lo-CHLOROTOLUENE MS1 98 %REC , 1 1 1 0008L409-008 

RECRLi891COLWEL I 8/24/00 00D1456-010.001 0-CHLOROTOLUENE MD1 1 105 %REC j 1 ~ 110008L409-008 
RECRLiesiCoLwEL 1 8/24/00 OOD1456-010.001 p-CHLOROTOLUENE MD1 1 105 %REC 1 1  I 110008L409-008 
RECRLI~~~COLWEL I 8/24/00 OOD1456-010.001 p-CHLOROTOLUENE MS1 I 107 %REC I 110008L409-008 

RECRL 89lCOLWEL 8/24/00,00D1456-010.001 DIBROMOMETHANE MS1 , 112, %REC I 1 I , 1 ,0008~409-oo8 

00LVK375 

00LVK375 

00LVK375 

O O L V K ~  

OOLVK375 

00LVK375 

'00LVK375 

00LVK375 

00LVK375 

OOLVK375 

00LVK375 

00LVK375 

00LVK375 

00LVK375 

00LVK375 

00LVK375 

00LVK375 

00LVK375 

00LVK375 

00LVK375 

00LVK375 

00LVK375 

00LVK375 

00LVK375 

00LVK375 
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Result Lab Valid. Detect Dilu Lab Lab 
TY Pe 

Lab Location Sample I Bottle # Analyte Result Units 
Qual ation Limit tion Sample# Ba 

j 1 IOOOBL409-008 OOLV 

Date 

RECRL 891COLWEL ! 8/24/00)00D1456-010.001 1 trans-l,3-DICHLOROPROPENE, MDl 1 112 %REC 1 ;  
RECRL~~OICOLWEL 8/24/00~00D1456-010.001 iTRlCHLOROETHENE MD1 I 100 %RECI 1 I 110008L409-008 00LVK375 

RECRL/89iCOLwEL 1 8/24/00 IOOD1 456-01 0.001 TRICHLOROETHENE MS1 1 118 %REC( I 1 1 10008L409-008 (00LVK375 

RECRLIBSICOLWEL I 8/24/00~00D1456-010.001 /TRICHLOROFLUOROMETHANE MS1 1 99 %RECJ I 1 I . 1 IOOO8L409-008 IOOLVK375 

RECRLiegicoLwEL 8/24/00~00D1456-010.001 !VINYL C H L O R G  i MSI 1 891%RECI 1 1  1 1 1 (0008L409-008 IOOLVK375 

RECRL~BBICOLWEL 1 8/24/00 00D1456-010.001 jVlNYL CHLORIDE 1 MD1 I 94)%RECI : I  ! j 1 10008L409-008 (00LVK375 

RECRLIET INFLUENT; 4/17/00 0001214-002.002 Il,1.1,2-TETRACHLOROETHANE MS1 ! 103 %REC/ 1 1 1 200 10004LO58-002 IOOLVK144 

RECRLiET  INFLUENT^ 411 7/00 00D1214-002.002 Il,1,1,2-TETRACHLOROETHANE MS2 111 %RECI I 200 0004LO58-002 00LVK144 

_- RECRL~~~ICOLWEL I 8/24/00~00D1456-010.001 lTRlCHLOROFLUOROMETHANE I MDI i 105 %RECI i 1 1 1 ~ 0 0 0 8 L 4 0 9 - 0 0 8 ~ 0 0 ~ ~ ~ ~ ~ ~  

-- 
- 
RECRL ET INFLUENTI 4/17/00 00D1214-002.002 j 1 .~.~-TRICHLOROETHANE MS2 117 %RECI 1 I 1 200 0004L058-002 00LVK144 

RECRL ET INFLUENT/ 4/17/00 00D1214-002.002 I~.~.~-TRICHLOROETHANE MS1 119 %REC 1 I I 200 0 0 0 4 ~ 0 ~ 0 2  0 0 ~ ~ ~ 1 4 4  

RECRL ET INFLUENT[ 4/17/00~00D1214-002.002 [1,1,2.2-TETRACHLOROETHANE MS 1 99 %REC I 200 0004LO58-002 00LVK144 

RECRL ET INFLUENTI 4/17/00 00D1214-002.002 11,1,2.2-TETRACHLOROETHANE MS2 103 %REC 1 1 I 200 0004LO58-002 00LVK144 

RECRL ET INFLUENTI 4/17/00 OOD1214-002.002 Il,1,2-TRICHLOROETHANE MS2 106 %REC, 1 j 20010004L058-002 00LVK144 

RECRL ET INFLUENTI 4/17/00 00D1214-002.002 Il,1,2-TRICHLOROETHANE MS1 106 %REC I 200~0004L058-002 00LVK144 

RECRL ET INFLUENTI 4/17/00 00D1214-002.002 11 .l-DICHLOROETHANE MS1 113 %REC j 200~0004L058-002 00LVK144 

I 20010004L058-002 00LVK144 

RECRL ET INFLUENTI 4/17/00 00D1214-002.002 1,l-DICHLOROETHENE MS1 81 %REC/ I 200 10004L058-002 00LVK144 

1 200 0004LO58-002 00LVK144 

I 200 0004L058-002 IOOLVK144 

1 MS2 1 100 %REC i 200 0004L058-002 00LVK144 

/ 200 0004LO58-002 00LVK144 

200 0004L058-002 00LVK144 RECRLIET INFLUENT 4/17/00 00D1214-002.002 1,2,3-TRlCHLOROBENZENE MS2 104 %REC 
RECRLIET INFLUENT 4/17/00 00D1214-002.002 Il,2.3-TRICHLOROPROPANE MS1 107 %REC 200 0004L058-002 00LVK144 

200 0004LO58-002 00LVK144 

RECRL ET INFLUENTI 4/17/00 00D1214-002.002 I1,l-DICHLOROETHANE MS2 116 %REC 1 

RECRLjET INFLUENTI 4/17/00 00D1214-002.002 [ 1 ,1-DICHLOROETHENE MS2 96 %REC j 8 

RECRLIETTFLUELI 4/17/00 OOD1214-002.002 I1,l-DICHLOROPROPENE MS1 91 %REC 
RECRLIET INFLUENT/ 4/17/00 00D1214-002.002 1 .l-DICHLOROPROPENE 
RECRL~ET INFLUENT 4/17/00 00D1214-002.002 1,2,3-TRICHLOROBENZENE MS1 101 %REC 

RECRL ET INFLUENT1 4/17/00 OOD1214-002.002 11,2,3-TRICHLOROPROPANE MS2 112 %REC 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

ET INFLUENT[ 4/17/00 OOD1214-002.002 11,2,4-TRICHLOROBENZENE MS1 102 

01-RF-02107 

200 0004LO58-002 00LVK144 %REC 
ET INFLUENT[ 4/17/00 

RECRL ET INFLUENT 4/17/00 
RECRL ET INFLUENTI 4/17/00 

00D1214-002.002 11,2,4-TRICHLOROBENZENE MS2 107 %REC 

OOD1214-002.002 I1,P-DIBROMOETHANE MS2 I 106 %REC 

I 
200 0004L058-002 OOLV 

I 200 0004L05&002 00LVK144 

MS1 I 101 %RECI I 200 0004L058-002 00LVK144 

00D1214-002.002 11 ,2-DIBROMOETHANE MS1 I 102 %REC I 
RECRL'ET INFLUENT 

ET INFLUENT 

RECRL ET INFLUENT 

RECRL ET INFLUENT 

RECRL/ET INFLUENT 

RECRL~ET INFLUENT 

RECRL~ET INFLUENT 

4/17/00~00D1214-002.002 11.2-DICHLOROBENZENE 
4/17/00)00D1214-002.002 ]1,2-DICHLOROBENZENE 
4/17/00~00D1214-002.002 1.2-DICHLOROETHANE MS1 115 %RECI 
4/17/00~00D1214-002.002 1,2-DlCHLOROETHANE 
4/17/00 00D1214-002.002 1,2-DlCHLOROPROPANE 
4/17/00 00D1214-002.002 i 1,2-DICHLOROPROPANE MS2 115 %REC 
4/17/00 00D1214-002.002 11 ,3-DICHLOROBENZENE 

-- ---- 
'TiZ/7G %REC/ 1 200 0004L058-002 00LVK144 

200 0004L058-002 00LVK144 

MS2 117 %REC 200 0004L058-002 00LVK144 

MS1 104 YoREC- 200 0004L058-002 00LVKl44 

200 0004L058-002 00LVK144 

MS1 105 %REC 200 0004L058-002 00LVK144 

RECRL ET INFLUENT[ 4/17/00 0001214-002.002 Il,3-DICHLOROBENZENE 
RECRL ET INFLUENT 4/17/00 00D1214-002.002 1,3-DICHLOROPROPANE 
RECRL ET INFLUENT 4/17/00 00D1214-002.002 1,3-DlCHLOROPROPANE 
RECRL ET INFLUENT 4/17/00 00D1214-002.002 1 ,4-DICHLOROBENZENE ... 

RECRL ET INFLUENT 4/17/00 00D1214-002.002 1,4-DlCHLOROBENZENE . . 
RECRL ET INFLUENT 4/17/00~00D1214-002.002 2.2-DICHLOROPROPANE :'.: ', 

RECRL~ET INFLUENT[ 4/17/00~00D1214-002.002 I2,P-DICHLOROPROPANE \ '  

RECRLiET lNFLuENT 4/17/00~00D1214-002.002 4-ISOPROPYLTOLUENE. 
RECRL ET INFLUENT' 4/17/00 0001214-002.002 44SOPROPYLTOLUENE , 

RECRL ET INFLUENT 411 7/00 00D1214-002.002 BENZENE 
RECRL-E INFLUENT 4/17/00 OODl214-002.002 I BENZENE 
RECRL ET INFLUENT 4/17/00 00D1214-002.002 BENZENE, 1.2.4-TRIMETHYL 
RECRL ET INFLUENT 4/17/00 00D1214-002.002 BENZENE, 1 ,2,4-TRIMETHYL 

~ RECRL ET INFLUENT 

~ RECRL ET INFLUENT ' RECRL~ET INFLUENT 

4/17/00 OOD1214-002.002 BENZENE, 1,3,5TRIMETHYL- 
4/17/00 0001214-002.002 BENZENE, 1,3,5TRIMETHYL- 
4/17/00 OOD1214-002.002 BROMOBENZENE 

RECRL ET INFLUENT' 4/17/00 00D1214-002.002 BROMOBENZENE 
RECRL ET INFLUENT 411 7/00 00D1214-002.002 BROMOCHLOROMETHANE 
RECRLIET INFLUENT 4/17/00 00D1214-002.002 BROMOCHLOROMETHANE 
RECRL~ET INFLUENT, 4/17/00~00D1214-002.002 BROMODICHLOROMETHANE 

Note: Soma Locations am not in IMP. These Locations are included bcause 

200 0004L05&002 00LVK144 MS2 109 %REC 
MS 1 97 %REC I I 200 0004LO58-002 00LVK144 

MS2 101 %REC 1 20Ol0004L05e-002 00LVK144 

,MS1 1041%REC I 200 0004L058-002 00LVK144 

:..MS2 107I%REC I 200 0004LO58-002 00LVK144 

.MS1 100 %REC I 200 0004L058-002 00LVK144 

I 200 0004LO58-002 IOOLVK144 

MS1 100 %REC 20Ol0004L058-002 00LVK144 

MS2 103 %REC 200 0004L058-002 00LVK144 

MS1 100 %REC 200 0004L058-002 00LVK144 

MS2 106I%REC 200 0004L058-002 IOOLVK144 

MS1 104 %REC 200 0004L058-002 00LVK144 

200 0004LO58-002 OOLVK144 

MS1 102 %REC 200 0004L058-002 00LVK144 

MS2 107 %REC 200 0004L058-002 00LVK144 

1 MS1 I 103 %REC 200 0004L058-002 00LVK144 

. MS2 102 %REC' 

MS2 105 %REC 

200 0004L058-002 OOLV MS2 109 %REC I I 
I 200 0004LO58-002 OOLV MS1 105 %REC 

MS1 l lO/%REC i I 1 200~0004L058-002~OOLVK144 

MS2 , 108) %REC I I .I 200 0004L058-002~00Lv 



Appendix E Table 11-5 01-RF-02107 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Nola: Some Localions am not in IMP. Them Locations em included bocause 
analysas apply to reaults that am from IMP Localions. E-43 Zoo0 Annual Table (11.5) Matria SplLes.als 



Appendix E Table 11-5 01-RF-02107 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

MS2 104 %REC 1 10 0001L318-002 (OOLVK062 

RECRL MOUND RI-o I 1/27/00 00D1087-003.002 BENZENE, 1,2.4-TRIMETHYL MS1 103 %REC 1 10 0001 L318-002 00LVK062 

RECRL MOUND RI-o 1/27/00 OOD1087-003.002 BENZENE, 1 ,2,4-TRIMETHYL MS2 104 %REC 1 
RECRL MOUND RI-O 1/27/00 OOD1087-003.002 BENZENE, 1,3,5TRIMETHYL- MS1 103 %REC 1 10 0001L318002 OOLV 

RECRL MOUND R1-O 1/27/00 OOD1087-003.002 BENZENE, 1,3,5TRIMETHYL- MS2 104 %REC 1 1  
IRECRLIMOUND RI-O I 1/27/00i00D1087-003.002 iBROMOBENZENE I MS1 I 104i%REC1 I 1 I 1 1oiOOO1L318-002 iOOLVK062 

Note: Some Locations am not in IMP. These Locations are included because 
analyses apply to resulls that am from IMP Locations. 

f 
E-44 2wO Annual Table (11-5) Matrix Spibs.xls 



Appendix E Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 

Note: Some Locations am not in IMP. The% Locations am included because 
analyses apply lo m s u b  lhat am from IMP Locations. E-45 2000 Annual Table ($1.51 k l r i x  Splkes.xIs 



Appendix E Table 11-5 01-RF-02107 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

E-46 2000 Annual Table (H.5) Matrix Spikes.rls 
Note: Some Locations am not in IMP. These Locations are included because 
analyses apply to results that am from IMP Locations. 



Appendix E Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 

Note: Soma Locations are not in IMP. These Localions are included because 
analyses apply to msuhs lhat a m  from IMP Locations. E-47 2000 Annual Table 111-9 Matrix Spikes.xls 



Appendix E Table 11-5 01 -RF-02107 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

E-48 Nola: Some Locations em not in IMP. These Locations a n  included bauusa 
~ a l y r s r  apply to msulUi that am irom IMP Locations. 2Doo Annual Table (11.5) Matrix Splkasrls 



Lab Sample Result 
Location Bottle # Analyte Result Units 

Date Type 
LjMOUNDRI-0 1 5/15/00 
LlMOUNDRi-0 ~ 5/15/00 

RECRLIMOUND R1-0 5/15/00 
RECRL/MouNDR1-0 ) 5/15/00 

00D1269-001.001 144SOPROPYLTOLUENE 1 MD1 I 991%REC) 1 i 1 1 0 ~ o o o ~ ~ 3 7 9 - o o 1 ~ o o ~ ~ ~ 1 8 7  
00D1269-001.001 IBENZENE I MD1 1 99 %RECi 1 1  1 I 10(0005L379-001 IOOLVK187 
00D1269-001.001 /BENZENE I MS1 99 %REC I 1 i 1 ~0/0005L379-001 iOOLVK187 

00D1269-001.001 )BENZENE, 1.2,CTRIMETHYL 1 MS1 91 %REC 1 1 ! 10)o005~379-001 I O O L V K I ~ ~  
- RECRLiMOUNDRI-0 i 5~15~00/00D1269-001.001 IBENZENE, 1,2,4-TRIMETHYL 1 MD1 102 %REC ! 1  I j 10jooo5~379-001 ~ O O L V K I ~ ~  

RECRLIMOUNDRI-0 5/15~00~00D1269-001.001 /BENZENE, 1,3,STRIMETHYL- I MS1 ' 92)%RECi I 1 I j 1010005L379-001 IOOLVK187 

_ _  RECRLbdoUND - RI-0 1 5/15~00~00D1269-001.001 IBENZENE, 1,3,5-TRIMETHYL- I MD1 , 101/%RECl 1 1  1 I 10)0005L379-001 iOOLVK187 

RECRLIMOUND RI-o i 5/15/00I00D1269-~1.001 IBROMOBENZENE j MS1 98i'XoREC' ' 1  j j ~0/0005L379-001/00LVK187 

RECRLIMOUND RI-o / 5/15/00)00D1269-001.001 IBROMOBENZENE j MD1 1 106I%REC; j 1 ! 1 10 0005L379-001 iOOLVK187 

RECRLiMouNo R1-0;- 5/15/00/00D1269-001.001 !BROMOCHLOROMETHANE ~ MD1 j 99/%RECI 1 j 10 0005L379-001 100LVK187 

/ 10 0005L379-001 00LVK187 

RECRL MOUND R1-0 5/15/00)00D1269-001.001 /BROMODICHLOROMETHANE MD1 1 98 %RECI 1 ! 1 10 0005L379-001 00LVK187 

RECRL~MOUND R1-0 ; 5/15/00 00D1269-001.001 lBROMODlCHLOROMETHANE MS1 j 99 %REC 1 )  10 0005L379-001 00LVK187 

RECRL MOUND ~ i - 0  ) 5/15/00 00D1269-001.001 /BROMOFORM MS1 107 %REC 1 1  10 0005L379-001 00LVK187 

10 0005L379-001 00LVK187 

RECRL MOUND RI-0 I 5/15/00 00D1269-001.001 BROMOMETHANE MS1 102 %REC 1 1  1 10 0005L379-001 00LVK187 

1 10 0005L379-001 OOLVKI 87 

RECRL MOUND RI-o 5/15/00)00D1269-001.001 CARBON TETRACHLORIDE MD1 69 %REC I !  10 0005L379-001 00LVK187 

RECRL MOUND R1-0 5/15/00 00D1269-001.001 CARBON TETRACHLORIDE MS1 97 %REC 1 10 0005L379-001 00LVK187 

RECRL MOUND RI-0 ~ 511 5/00 OOD1269-001.001 CHLOROBENZENE MS1 100 %REC 1 10 0005L379-001 00LVK187 

RECRL~MOUND R1-0 5/15/00 00D1269-001.001 )CHLOROBENZENE MD1 1 107 %RECl ' 1 10 0005L379-001 !00LVK187 

RECRLIMOUND RI-o 5/15/00 00D1269-001.001 CHLOROETHANE 1 MS1 ~ 91 %REC 1 1  10 0005L379-001 00LVK187 

10 0005L379-001 00LVK187 

RECRL MOUND RI-0 5/15/00 00D1269-001.001 CHLOROFORM MD1 89 %REC ' 1  I 10 0005L379-001 00LVK187 

RECRL MOUND RI-0 5/15/00 00D1269-001.001 CHLOROFORM MS1 , 96 %REC I !  10 0005L379-001 '00LVK187 

RECRL MOUND RI-o I 5/15/00 00D1269-001.001 CHLOROMETHANE MD1 63 %REC 1 10 0005L379-001 00LVK187 

LIMOUND RI-0, 5/15/00 OOD1269-001.001 CHLOROMETHANE MS1 63 %REC 1 10 0005L379-001 00LVK187 

L~MOUND ~ i - 0  5/15/00 OODl269-001.001 cis-l,2-DICHLOROETHENE MD1 80 %REC 1 10 0005L379-001 00LVK187 

RECRL~MOUND RI-o 5/15/00 OOD1269-001.001 cis-l,2-DICHLOROETHENE MS1 99 %REC 1 10 0005L379-001 00LVK187 

RECRL~MOUND RI-o 5/15/00 00D1269-001.001 cis-l,3-DICHLOROPROPENE ' MS1 109 %REC 1 10 0005L379-001 00LVK187 

RECRL MOUND RI-o I 5/15/00 00D1269-001.001 cis-1 ,bDICHLOROPROPENE MD1 117 %REC 1 10 0005L379-001 '00LVK187 

RECRL MOUND RI-o 1 5/15/00~00D1269-001.001 ,DIBROMOCHLOROMETHANE 1 MS1 I 107]%REC 1 1 I 10 0005L379-001 00LVK187 

RECRL MOUND ~ i - 0  5/15/00'00D1269-001.001 DIBROMOCHLOROMETHANE / MD1 j 121I%RECI j 1 i ' 10 0005L379-001 100LVK187 

RECRL MOUND RI-o 5/15/00 00D1269-001.001 DIBROMOMETHANE 1 MD1 101 %REC 1 1  , 10 0005L379-001 100LVK187 

RECRL MOUND RI-0 5/15/00 OOD1269-001.001 DIBROMOMETHANE I MS1 , 101 %REC 1 i  10 0005L379-001 ,00LVK187 

RECRL'MOUND RI-o 5/15/00 00D1269-001.001 DICHLORODIFLUOROMETHANE MD1 65 %REC. 1 )  10 0005L379-001 00LVK187 

RECRL MOUND RI-o 5/15/00 00D1269-001.001 1 DICHLORODIFLUOROMETHANE : MS1 68 %REC ' 1  10 0005L379-001 00LVK187 

RECRL MOUND RI-0 511 5/00 00D1269-001.001 ETHYLBENZENE MS1 1 99)%REC 1 10 0005L379-001 lOOLVK187 

RECRL MOUND RI-0 5/15/00 00D1269-001.001 ETHYLBENZENE MD1 104 %REC 1 10 0005L379-001 00LVK187 

RECRL MOUND RI-O 5/15/00 OOD1269-001.001 HEXACHLOROBUTADIENE MSI 82 %REC 1 , 10 0005L379-001 00LVK187 

RECRL MOUND R1-0 5/15/00 00D1269-001.001 HEXACHLOROBUTADIENE MD1 94. %REC 1 10 0005L379-001 00LVK187 

RECRL MOUND R1-0 5/15/00 OOD1269-001.001 ISOPROPYLBENZENE MS1 . 9fl,i%REC 1 ' 10 0005L379-001 00LVK187 

RECRL MOUND R1-0, 5/15/00 OOD1269-001.001 IISOPROPYLBENZENE MD1 .' :98. %REC 1 10 0005L379-001 00LVK187 

RECRL MOUND R1-0 5/15/00 00D1269-001.001 METHYLENE CHLORIDE MS1 80.%REC 1 '  10 0005L379-001 OOLVKI 87 

RECRL~MOUND RI-o i 5/15/00 00131269-001.001 METHYLENE CHLORIDE MDl 96 PhREC 1 10 0005L379-001 00LVK187 

RECRLIMOUND RI-o I 5/15/00 00D1269-001.001 NAPHTHALENE I. MSl'.-: 102 %REC * 1  I 10 0005L379-001 00LVK187 

RECRL MOUND RI-O 5/15/00 OOD1269-001.001 NAPHTHALENE M D l ,  ' 113 %REC 1 j  10 0005L379-001 00LVK187 

RECRL MOUND RI-o 5/15/00 00D1269-001.001 n-BUTYLBENZENE 1 .  MS1.. . 87 %REC 1 4  I 10 0005L379-001 IOOLVK187 

RECRL MOUND RI-o 5/15/00 00D1269-001.001 n-BUTYLBENZENE ' MD1 100 %REC I 1  I 10 0005L379-001 '00LVK187 

RECRL MOUND ~ i - 0  5/15/00 00D1269-001.001 n-PROPYLBENZENE MS1 90 YoREC I !  I 10 0005L379-001 00LVK187 

RECRL MOUND ~ i - 0  5/15/00 00D1269-001.001 n-PROPYLBENZENE MD1 98 %REC 1 10 0005L379-001 00LVK187 

RECRL MOUND RI-0 5/15/00 00D1269-001.001 0-CHLOROTOLUENE MS1 92 %REC 1 10 0005L379-001 00LVK187 

R CRL MOUND R1-0 5/15/00 00D1269-001.001 0-CHLOROTOLUENE MD1 100 %REC 1 10 0005L379-001 00LVK187 

&L MOUND R1-0 5/15/00 OOD1269-001.001 'P-CHLOROTOLUENE MS 1 98 %REC, 1 10 0005L379-001 00LVK187 

1 10 0005L379-001 00LVK187 

RECRL MOUNDR1-0 1 5/15/00 00D1269-001.001 IPROPANE, 1.2-DIBROMO-3-CHLORO-i MS1 I 98 %RECI ' 1 1 I I 10 0005L379-001 iOOLVK187 

'-1 - .- __- 
- -_ 

RECRL MOUND R1-0 5/15/00~00D1269-001.001 I BROMOCHLOROMETHANE MS1 102)%REC/ I 1 I 

RECRL MOUND RI-o j 5/15/00 00D1269-001.001 I BROMOFORM MD1 115/%REC 1 1  
~ ~~~~~~~ 

RECRL MOUND RI-0 i 5 i  5/00 (16i%26~001.001 BROMOMETHANE MD1 103 %REC ' 1 1 

RECRL MOUND RI-O 5/15/00 0001269-001.001 CHLOROETHANE MD1 ! 93 %REC' , 1 

- 

L MOUND R1-0 5/15/00 00D1269-001.001 p-CHLOROTOLUENE MDl. 110 %RECI 1 

E-49 2Mu) Annual Table (11.5) Matrlr Sp ike~x ls  
Note: SON Locations am not in IMP. These Locations a n  included because 
analyses apply to msu1U that are from IMP Locations. 

,: 



Sample 
Date 

Lab Location Result Lab Valid Detect Dilu. Lab Lab 
Type Qual ation Limit tion Sample# B 

Bottle # Analyte Result Units 

RECRLIMOUND RI-0 5~15~00(00D1269-001.001 ]PROPANE, 1 ,2-DIBROM0-3-CHLORO- MD1 103 %REC( 1 I 1 10 0005L379M)l OOLV 

RECRLlMOUND R l d  1 5/15/00~00D1269-001.001 (sec-BUTYLBENZENE MS1 84 %RECI 1 1  I 10 0005L379-001 OOLVKl87 
RECRL~MOUND RI-0 1 5/15/00)00D1269-001.001 /sec-BUTYLBENZENE 1 MD1 93 
RECRL!MOUND RI-o ! 511 5/00 )00D1269-001.001 I STYRENE 1 MS1 1 97 

%REC/ 1 1  I 10 0005L379-001 00LVK187 

%RECl I 1 i I 10~0005L379-001~00LVK187 

RECRLIMOUND RI-o I 5/15/00~00D1269-001.001 ISTYRENE I MD1 I 107I%RECI I 1 I I 10 0005~379-001 ) O O L V K I ~ ~  

RECRL~MOUND RI-o j 5/15/00 00D1269-001.001 ! tert-BUTYLBENZENE 1 MSl 95 %RECI j 1 j 1 10 0005L379-001 !00LVK187 

RECRL~MOUND ~ i - 0  5/15/00 OOD1269-001.001 tert-BUTYLBENZENE I MD1 I 105 YoRECI ( 1  I I 10 0005L379-001 iOOLVK187 
RECRLIMOUND ~ i - 0  5/15/00 OOD1269-001.001 TETRACHLOROETHENE 1 MD1 83 %RECI ' 1 j 10 0005L379-001 00LVK187 

RECRLIMOUND ~ i - 0  5/15/00 00D1269-001.001 TETRACHLOROETHENE I MS1 104 %REC( 1 I 10 0005L379-001 00LVK187 

RECRLIMOUND ~ i - 0  5/15/00(00D1269-001.001 TOLUENE MS1 101 %RECI 1 1 10 0005L379-001 00LVK187 

- RECRL/MOUNDRI-O 5/15/00 00D1269-001.001 TOLUENE MD1 106 %RECI 1 '  1 10,0005L379-OOl 00LVK187 

RECRL~MOUND RI-o 5/15/00 00D1269-001.001 TOTAL XYLENES MS1 95 %REC/ 1 i 10 0005L379-001 00LVK187 

RECRLIMOUND RI-o 1 5/15/00 00D1269-001.001 TOTAL XYLENES MD1 102 %REC 1 I 10 0005L379-001 OOLVKl87 

RECRL/MOUND RI-o 511 5/00 OODl269-001.001 jtrans-l,2-DICHLOROETHENE I MS1 1 95'%REC I 1  I 1 10 0005L379-001 00LVK187 

RECRLiMOuND RI-0  1 5/15/00~00D1269-001.001 'trans-1 ,bDICHLOROPROPENE i MS1 i 117 %REC, i d  1 10 0005L379-001 00LVK187 

! 10 0005L379-001 00LVK187 

RECRL~MOUND ~ i - 0  I 5/15/00(OOD1269-001.001 TRICHLOROETHENE 1 MD1 I 68 %REC' I 1  1 I 10 0005L379-001 00LVK187 

RECRL MOUND RI-o 5/15/00~00D1269-001.001 TRICHLOROETHENE MS1 1 108 %REC 1 1  I I 10 0005L379-001 00LVK187 

RECRL MOUND RI-o 5/15/00 00D1269-001.001 TRICHLOROFLUOROMETHANE MD1 82 %REC i 1 ' I 10 0005L379-001 00LVK187 

RECRL MOUND ~ i - 0  5/15/00 00D1269-001.001 lTRlCHLOROFLUOROMETHANE MS1 83 %REC 1 1 10 10005L379-001 00LVK187 

RECRL MOUND RI-o 5/15/00 OOD1269-001.001 )VINYL CHLORIDE MS1 78 %REC 1 1  1 10 0005L379-001 00LVK187 

RECRL MOUND Rl-0 5/15/00 OOD1269-001.001 IVlNYL CHLORIDE MD1 79 %RECI 1 1  I I 10 0005L379-001 OOLVK187 

RECRLIMOUNDRI-~ I 8/16/00 00D1431-001.001 I1.1.1,2-TETRACHLOROETHANE MS1 121I%RECI I 1 I I 10 0008LZ98001 00LVK362 

RECRL~MOUND RI-o 8/16/00~OOD1431-001.001 I 1,1.1,2-TETRACHLOROETHANE MD1 1271%RECI 1 1  10 0008LZ98-001 00LVK362 

RECRLiMouND RI-o 811 6/00 IOOD1431-001.001 1 ,l ,l -TRICHLOROETHANE MD1 118I%RECI I /  10 OOOBL298-001 00LVK362 

RECRL'MOUNDRI-o i 8/16/00(00D1431-001.001 1,1,1-TRICHLOROETHANE MS1 123 %REC( 1 1  10 0008K98-001 OOLVK 

RECRL MouNDRi-o I 8/16/00~00D1431-001.001 11,1,2,2-TETRACHLOROETHANE MD1 1 117 %RECI 1 10 !0008L298-001 00LVK362 

RECRL MouNDRi-0 I 8/16/00~00D1431-001.001 (1.1.2-TRICHLOROETHANE MS1 11O,%RECI 1 10 0008LZ98-001 00LVK362 

RECRL MOUND ~ i - 0  I 8/16/00~00D1431-001.001 I1,1,2-TRICHLOROETHANE MD1 118 %REC ' 1  10 0008U98-001'00LVK362 

RECRLiMOUND R1-0 8/16/00 IOOD1431-001.001 ' 1.1 -DICHLOROETHANE MD1 114 %REC 1 10 0008LZ98-001 00LVK362 

RECRL~MOUND ~ i - o  8/16/00~00D1431-001.001 1,l-DICHLOROETHANE MS1 118 %REC 1 10 0008U98-001 00LVK362 

RECRLIMOUND RI-O 8/16/00)00D1431-001.001 1.1-DICHLOROETHENE MD1 102 %RECI 1 10 0008LZ98-001 IOOLVK362 

RECRLIMOUND RI-o 8/16/00~00D1431-001.001 '1,l-DICHLOROETHENE MS1 104 %RECI 1 ,  , 10 0008L29&001 00LVK362 

RECRL~MOUND ~ i - 0  I 8/16/00/00D1431-001.001 1,l-DICHLOROPROPENE MS1 104 %RECI 1 1  I 10 0008LZ98-001 00LVK362 

RECRL~MOUNDRI-O 1 8/16/00~00D1431-001.001 1.1-DICHLOROPROPENE I MD1 105 %REC/ 1 !  10 0008LZ9&001 00LVK362 

RECRL(MOUND RI-o ) 8/16/00~00D1431-001.001 1,2.3-TRICHLOROBENZENE I M S l ' I  105 %REC! 1 )  10 0008LZ98-001 100LVK362 

RECRL MOUND RI-o ' 8/16/00~00D1431-001.001 j 1,2,3-TRlCHLOROBENZENE j MD1 i 119'%RECI 1 :  10 0008LZ98-001 00LVK362 

RECRL MOUND R1-O 8/16/00 00D1431-001.001 1,2,3-TRICHLOROPROPANE I MD1 I 113 %REC! I 1 1 I 10 0008LZ98-001 00LVK362 

RECRL MOUND R1-0 8/16/00,00D1431-001.001 1.2.3-TRICHLOROPROPANE I MS1 117 %RECi 1 1  i 10 0008U98001 00LVK362 

RECRL MOUND ~ i - 0  I 8/16/00 OOD1431-001.001 1,2,4-TRICHLOROBENZENE MS1 108 %REC! 1 I 10 0008K98-001 00LVK362 

RECRL MOUND ~ i - 0  1 8/16/00 OOD1431-001.001 1,2,4-TRlCHLOROBENZENE MD1 115 %REC 1 I 10 0008LZ98-001 00LVK362 

RECRL MOUND ~ i - 0  I 8/16/00 00D1431-001.001 1,2-DIBROMOETHAF.E,i MS1 105 %REC 1 1 10 0008LZ98-001 00LVK362 

RECRL MOUND ~ i - 0  8/16/00 00D1431-001.001 1.2-DIBROMOETHANE' .: . MD1 109 %REC 1 10 0008K9&OOl 00LVK362 

'RECRL MOUND R1-0 8/16/00 00D1431-001.001 1,2-DICHLOROBENZENE MS1 I 1231%REC 1 10 0008LZ98-001 00LVK362 

RECRL MOUND R1-0 8/16/00 00D1431-001.001 1,2-DlCHLOROBENZENE MD1 I 130 %REC 1 10 0008L298-001 00LVK362 

RECRL~MOUND ~ i - 6  I 511 5/00 OOD1269-001.001 1 trans-1 .2-DICHLOROETHENE I MD1 , 94 %REC f 1 , I 10 0005~379-001 0 0 ~ ~ ~ 1 8 7  

- 

RECRL~MOUND ~ t - 0  I 5/15/00~00D1269-001.001 trans-l,3-DICHLOROPROPENE I MD1 I 128 %RECI j 1 i 

-___ -- 

RECRL MOUND R1-0 1 8/16/00~00D1431-001.001 1,1,2,2-TETRACHLOROETHANE MS1 109 %RECI 1 

RECRLiMOUND Ri-0 1 8/16/00~00D1431-001.001 1,2-DICHLOROETHANE MD1 ' 117 %RECl I 1 i 10 

RECRL MOUND ~ i - 0  I 8/16/00 00D1431-001.001 1,2-DlCHLOROPROPANE MD1 111 %REC 1 1  I 10 
RECRL MOUND R1-0 I 8/16/00 00D1431-001.001 1,2-D16HLOROPROPANE MS1 114 %REC I 1 10 
RECRL~MOUND ~ i - 0  I 8/16/00 00D1431-001.001 1.3-DICHLOROBENZENE MS1 121 I %REC 1 10 

RECRL MOUND RI-o I 8/16/00 00D1431-001.001 1.2-DICHLOROETHANE MS1 121 %REC' i 1 i IO 

RECRL~MOUND R1-0 I 8/16/00 00D1431-001.001 Il,3-DICHLOROBENZENE , MD1 130 %REC, 

0008LZ98-001 00LVK362 

0008~~98-oo i  0 0 ~ ~ ~ 3 6 2  

0008LZ98-001 00LVK362 

0008LZ98001 00LVK362 

0008LZ98-001 00LVK362 

RECRL~MOUND R1-0 8/16/00 0001431-001.001 1.3-DICHLOROPROPANE MS1 
RECRLiMouND ~ i - 0  8/16/00 00D1431-001.001 1.3-DICHLOROPROPANE MD1 
RECRLlMOUND RI-0 8/16/00 OOD1431-001.001 1 ,4-DICHLOROBENZENE MS1 

99 %REC; 1 10 0008LZ98-001 OOLVK 

105 %REC 
119 %REC 



Appendix E 

Sample 
Date 

Table 11 -5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Result Lab Valid, Detect Dilu. Lab Lab 
Type Qual ation Limit tion Sample# Batch # 

Bottle # Analyte Result Units 

01-RF-02107 

1 8/16/00 00D1431-001.001 1,4-DICHLOROBENZENE 
-_______ MOUND R1-0 / 8 1 1 6 / ( 1 0 b 1 4 3 1 - 4  
RECRL MOUND ~ 1 - o  1 811 6/00 00D1431-001.001 I2,2-DICHLOROPROPANE 

MDl 127 YoREC; I 10 0008L298-001 00LVK362 

x i - p d ; ,  i 10 0008L298-001 /00LVK362 

MS1 j 125 %REC' 1 1 1 - 7  10 0008L298-001 00LVK362 

RECRL MOUND RI-0 ' 8/16/00~00D1431-001.001 44SOPROPYLTOLUENE j M s i  I i o8  %REC 1 1  ! 1 10 
- RECRL MOUND RI-0 8/16/00/00D1431-001.001 44SOPROPYLTOLUENE I MD1 i 119 %REC ' 1 I i 10 
RECRL MOUND RI-o 8/16/00~00D1431-001.001 BENZENE 1 MD1 I 112 %REC 1 :  10 
RECRL MOUND RI-o , 8/16/00~00D1431-001.001 BENZENE I MS1 115 %REC, ' 1  I 10 

10 
10 

RECRL!MOUND R I - 0  1 8/16/00 00D1431-001.001 BENZENE, 1,3,5-TRIMETHYL- MS1 119 %REC 1 10 
RECRLIMOUND RI-o 8/16/00 00D1431-001.001 ,BENZENE, 1.3,5-TRIMETHYL- MD1 127 %REC' , 1 I 10 

10 
RECRLiMOuND RI-0 ~ 8/16/00(00D1431-001.001 IBROMOBENZENE I MD1 123 %REC/ 1 1 10 
RECRLiMOUND R1-0 ~ 8/16/00 00D1431-001.001 /BROMOCHLOROMETHANE i MS1 114 %RECl 1 10 
RECRLjMouND ~ i - o  I 8/16/00 00D1431-001.001 /BROMOCHLOROMETHANE I MD1 115 %REC 1 
RECRL~MOUND RI-o I 8/16/00 00D1431-001.001 BROMODICHLOROMETHANE MD1 ' 122 %REC 1 ;  10 
RECRL MOUND RI-O 8/16/00 OOD1431-001.001 BROMODICHLOROMETHANE MS1 127 %REC , 1 1 10 

10 
RECRL MOUND RI-0 8/16/00 00D1431-001.001 I BROMOFORM MDI 117 %REC 1 10 
RECRL MOUND RI-0 8/16/00 00D1431-001.001 1 BROMOMETHANE MS1 76 %REC 1 10 
RECRL~MOUND RI-o j 8/16/00 00~1431-001.001 I BROMOMETHANE 1 MD1 1 821%REC 1 1 10 
RECRL MOUND RI-o j 8/16/00 00D1431-001.001 1 CARBON TETRACHLORIDE MD1 I 74 %REC I 1 1 1 10 
RECRL MOUND RI-o i 8/16/00 00D1431-001.001 i CARBON TETRACHLORIDE MS1 1 89 %REC I 1 1 I 10 
RECRLjMouND Ri-0 1 8/16/00 00D1431-001.001 !CHLOROBENZENE M s i  1 114 %REC j I j 10 

MDI 10 RECRL MOUND RI-o 8/16/00~00D1431-001.001 'CHLOROBENZENE ' 
120 %REC I 1 

10 RECRL MOUND R1-0 8/16/00 00D1431-001.001 CHLOROETHANE MD1 107 %REC 1 
1 L MOUND ~ 1 - 0  8/16/00 00D1431-001.001 CHLOROETHANE MS1 119 %REC ' 1 10 

~~ 1-1 ~~ ' 10 -MOUND RI-o 8/16/00 00D1431-001.001 CHLOROFORM MD1 106 %REC 
RECRL MOUND RI-0 8/16/00 00D1431-001.001 CHLOROFORM MS1 123 %REC 1 1  10 

10 
RECRL MOUND RI-o 8/16/00 00D1431-001.001 /CHLOROMETHANE MD1 118 %REC 1 10 
RECRL~MOUND ~ i - 0  8/16/00 00D1431-001.001 cis-1,2-DICHLOROETHENE MD1 99 %REC 1 10 
RECRL~MOUND RI-o I 8/16/00~00D1431-001.001 cis-1,2-DICHLOROETHENE I MS1 1041%REC 1 10 
RECRLiMOUND RI-o 8/16/00 00D1431-001.001 cis-l,3-DICHLOROPROPENE MS1 98 %REC ' 1  10 
RECRL;MOUND RI-o 1 8/16/00 00D1431-001.001 jcis-l,3-DICHLOROPROPENE MDI 100 %REC 1 10 
RECRLIMOUND RI-o ' 8/16/00 00D1431-001.001 DIBROMOCHLOROMETHANE MS1 127 %REC' 1 ~ 1 10 
RECRL MOUND RI-o 8/16/00 00D1431-001.001 DIBROMOCHLOROMETHANE MD1 132 %REC 1 10 
RECRL MOUND R1-o 8/16/00 00D1431-001.001 DIBROMOMETHANE MDI ' 117 %REC 1 10 
RECRL MOUND RI-o 8/16/00 00D1431-001.001 DIBROMOMETHANE MS1 121 %REC 1 10 
RECRL MOUND RI-0 8/16/00 00D1431-001.001 DICHLORODIFLUOROMETHANE MD1 110 %REC 1 1 10 
RECRL MOUND R1-0 8/16/00 00D1431-001.001 DICHLORODIFLUOROMETHANE MSl 114 %REC 1 10 
RECRL MOUND Rl-0 8/16/00 00D1431-001.001 ETHYLBENZENE :MSl', 119 %REC 1 10 
RECRL MOUND RI-o 8/16/00 00D1431-001.001 ETHYLBENZENE '.,MDl, 122 %REC 1 10 
RECRL MOUND RI-o 8/16/00 00D1431-001.001 HEXACHLOROBUTADIENE ,;MS1', 119 %REC 1 10 
RECRLjMoUNDRi-0 i 8/16/00~00D1431-001.001 HEXACHLOROBUTADIENE . 1 MD1 129 %RECl I 1 1 1 10 

MS1 117 %RECI 1 1 I I 10 
RECRL MOUND RI-o 1 8/16/00/00D1431-001.001 ISOPROPYLBENZENE . .  ' MD1 122i%REC! j 1 I j 10 
RECRL,MOUND RI-o ' 8/16/00 00D1431-001.001 METHYLENE CHLORIDE . MD1 40 %REC ' 1  j i 10 
~RECRL(M~UND ~ i - 0  8/16/00 00D1431-001.001 METHYLENE CHLORIDE MS1 54 %REC 1 1  ' 10 
RECRL MOUND RI-O 8/16/00 00D1431-001.001 NAPHTHALENE MSI 84 %REC 1 I 10 
RECRL MOUND RI-o 8/16/00 00D1431-001.001 NAPHTHALENE MD1 96 %REC / 1  10 
RECRL MOUND RI-o 8/16/00 OOD1431-001.001 n-BUTYLBENZENE MS1 112 %REC 1 1 10 

RL MOUND RI-o 8/16/00 00D1431-001.001 n-BUTYLBENZENE MD1 115 %REC 1 10 

RECRL MOUND R1-0 8/16/00 00D1431-001.001 I BENZENE, 1,2.4-TRIMETHYL MS1 119I%REC 1 1  
RECRLIM'OUND RI-o i 8/16/00 00D1431-001.001 BENZENE, 1,2,4-TRIMETHYL ' MD1 121 %REC' 1 

1 

RECRL~MOUND R1-o 8/16/00i00D1431-001.001 IBROMOBENZENE MS1 1 114 %REC! 1 !  

RECRL MOUND RI-O 8/16/00 00D1431-001.001 BROMOFORM MS1 112 %REC 1 , !  

. .__ 

-- 

~~~~ 

RECRL MOUND RI-o 8/16/00 00D1431-001.001 CHLOROMETHANE MS1 118 %REC 1 1  

- 

- 

. .  . RECRL MOUND RI-o 1 8/16/00~00D1431-001.001 'ISOPROPYLBENZENE 

OOOBL298-001 jOOLVK362 

0008L298-001 iOOLVK362 

0008L298-001 IOOLVK362 

0008L298-001 100LVK362 

0008L298-001 (00LVK362 

0008L298-001 00LVK362 

0008L298-001 00LVK362 

0008L298-001 00LVK362 

0008L298-001 00LVK362 

0008LZ98-001 iOOLVK362 

0008L298-001 IOOLVK362 

10,0008L298-001 100LVK362 

OOOBL298-001 '00LVK362 

OOOBL298-001 OOLVK362 

OOOBL298-001 00LVK362 

0008L298-001 00LVK362 

0008L298-001 00LVK362 

0008L298-001 00LVK362 

OOOBL298-001 00LVK362 

0008L298-001 00LVK362 

0008L298-001 00LVK362 

0008L298-001 00LVK362 

-0OLVK362 

0008L298-001 IOOLVK362 

0008L298-001~00LVK362 

0008L298-001 00LVK362 

0008LZ98-001 00LVK362 

OOOBL298-001 00LVK362 

OOOBL298-001 00LVK362 

0008L298-001 00LVK362 

0008L298-001 00LVK362 

0008L298-001 IOOLVK362 

0008L298-001 00LVK362 

0008L298-001 00LVK362 

OOOBL298-001 00LVK362 

0008L298-001 00LVK362 

0008L298-001 00LVK362 

0008LZ98-001 00LVK362 

0008LZ98-001 00LVK362 

0008U98-001. 00LVK362 

0008L298-001 00LVK362 

0008L298-001 '00LVK362 

0008L298-001 00LVK362 

0008L298-001 '00LVK362 

0008L298-001 '00LVK362 

0008LZ98-001 00LVK362 

0008L298-001 00LVK362 

0008LZ98-001 00LVK362 

10008L298-001 00LVK362 

0008L298-001 00LVK362 

____ 

L MOUND RI-o 8/16/00 00D1431-001.001 n-PROPYLBENZENE MS1 
L MOUND ~ i - 0  8/16/00 00D1431-001.001 n-PROPYLBENZENE MD1 

RECRL MOUND RI-O 8/16/00 00D1431-001.001 0-CHLOROTOLUENE M s i  

119 %REC 1 10 0008L298-001 00LVK362 

126 %REC 1 10 OOOBL298-001 00LVK362 

j 122 %REC, I i i 10 0008L298-001 00LVK362 



Appendix E 

Result Lab Valid- Detect Dilu. Lab Lab Bottle # Analyte Result Units 
Sample 

Lab Location 
Date Type Qual ation Limit tion Sample# Ba 

RECRL~MOUND RI-o I 8/16/00~00D1431-001.001 o-CHLOROTOLUENE MD1 129 %RECI I 1 1 10 0008L298-001 IOOLV 

RECRL~MOUND RI-o 8/16/00/00D1431-001.001 Ip-CHLOROTOLUENE I MD1 I 1321%REC/ I 1 1 I ~0/0008L298-001 IOOLVK362 

RECRLjMOUND RI-0 1 8/16/00~00D1431-001.001 I PROPANE, 1,2-DIBROMO-3-CHLORO-I MSl 101 1 YoRECI i 1 . I  / 10 0008L298-001 100LVK362 

RECRL~MOUND RI-o I 8/16~00~00D1431-001.001 :PROPANE, 1,2-D1BROMO-3-CHLORO-/ MD1 i 1131 %REC/ I 1 I 10 0008L298-001 IOOLVK362 

RECRL!MOUND RI-o 1 811 6/00 1 OOD1431-001.001 isec-BUTYLBENZENE I MS1 1 1121%REC: j 1 1 10 00081298-001 (00LVK362 

RECRLiMOUND R1-0 1 8/16/00 OOD1431-001.001 Isec-BUTYLBENZENE ! MD1 I 118l%REC I 1 1 j 1 O/OO08L298-001 00LVK362 

RECRL(MOUNDRI-O I 8/16/00 00D1431-001.001 ;STYRENE ' MS1 1 112I%REC I 1 I I 10 10008L298-001 00LVK362 

RECRLjMouND Ri-0 1 8/16/00 00D1431-001.001 STYRENE MD1 1 120(%REC 1 j 1 10 00081298-001 00LVK362 

RECRL~MOUND RI-o 8/16/00 00D1431-001.001 tert-BUTYLBENZENE MS1 j 117 %REC 1 1  ' 10 0008L298-001 IOOLVK362 

RECRL/MOUND RI-O 8/16/00 00D1431-001.001 tert-BUTYLBENZENE MD1 131 %REC 1 1 I 10 0008L298-001 IOOLVK362 

RECRL MOUND ~ 1 - 0  8/16/00~00D1431-001.001 TETRACHLOROETHENE MS1 69 %REC 1 1  10 100081298-001 00LVK362 

RECRL MOUND ~ i - 0  8/16/00~00D1431-001.001 ITETRACHLOROETHENE MD1 821%REC 1 1  10 0008L298-001 00LVK362 

RECRL MOUND RI-o 8/16/00/00D1431-001.001 TOLUENE MSl 108I'YoREC 1 1  10 0008U98-001 00LVK362 

RECRL MOUND R1-O 8/16/00 00D1431-001.001 TOLUENE MD1 112 %RECI 1 1 10 0008L298-001 OOLVK362 

RECRL~MOUND RI-o 8/16/00 00D1431-001.001 ITOTAL XYLENES MS1 120 %RECI 1 1 10 0008L298-001 IOOLVK362 

RECRL~MOUND RI-o 8/16/00 00D1431-001.001 \TOTAL XYLENES MD1 123 %REC/ 1 10 0008L298-001 00LVK362 

RECRL MOUND RI-o 8/16/00 00D1431-001.001 j trans-l,2-DICHLOROETHENE MS1 , 113 %REC/ 1 10 IOOOBL298-001 00LVK362 

RECRL MOUND ~ i - 0  8/16/00 00D1431-001.001 j trans-1,2-DICHLOROETHENE MD1 114 %REC 1 j  10 0008L298-001 00LVK362 

RECRL MOUND R1-0 1 8/16/00 00D1431-001.001 trans-l,3-DICHLOROPROPENE MS1 98 %REC 1 /  10 OOOBL298-001 00LVK362 

RECRL MOUND R1-0 1 8/16/00 00D1431-001.001 trans-l,3-DICHLOROPROPENE MD1 1 102 %REC 1 1  10 OOOBLZ98-001 IOOLVK362 

RECRL'MOUND RI-o I 8/16/00 00D1431-001.001 TRICHLOROETHENE MD1 71 %REC 1 )  10 0008L29&001 00LVK362 

RECRL MOUND ~ i - 0  I 8/16/00 00D1431-001.001 TRICHLOROETHENE MS1 84i%RECI 1 1  10 0008L298-001 OOLVK362 

RECRL MOUND ~ i - 0  I 8/16/00 00D1431-001.001 TRICHLOROFLUOROMETHANE MD1 131'%RECI 1 1 I lo/O008L298-001 00LVK362 

RECRL MOUND RI-o ' 8/16/00 OOD1431-001.001 TRICHLOROFLUOROMETHANE MSl 135 %REC 1 10 0008L298-001 00LVK362 

RECRL MOUND R1-0 8/16/00 00D1431-001.001 \VINYL CHLORIDE MD1 106 %REC 1 10 0008L298-001 IOOLVK362 

RECRL~MOUND RI-o j 8/16/00 ~00~1431-00 i  .ooi p-CHLOROTOLUENE i MS1 I 1131%REC/ 1 1 1 1 i o  o008~~98-001 (00LVK362 

- 
RECRL MOUND RI-0 8/16/00 00D1431-001.001 VINYL CHLORIDE I MS1 111 %REC I 1 10 0008L298-001 OOLV 

GEL ,MOUND ~ i - 0  9/13/00 00D1507-001.002 1,l-DICHLOROETHENE ' MS1 101/%REC i 1 1 1 2 ioooio7305 4561 

GEL MOUND R1-0 9/13/00 00D1507-001.002 '1,l-DICHLOROETHENE MD1 102I%REC/ 1 i 1 211000107306 45616 

GEL [MOUND RI-o I 9/13/00 00D1507-001.002 BENZENE MS1 91 1 %REC 1 1  1 2 1000107305 45616 

GEL  MOUND RI-0 ' 9/13/00 OODl507-001.002 BENZENE MD1 961YoREC 1 I 1 2 1000107306 45616 

GEL /MOUND ~ i - o  9/13/00 00D1507-001.002 CHLOROBENZENE MD1 93 %REC/ 1 1 2 1000107306 45616 

GEL MOUND R1-0 9/13/00 OOD1507-001.002 TOLUENE MS1 86 %RECI 1 1 2 1000107305 45616 

GEL MOUND 131-0 9/13/00 00D1507-001.002 TOLUENE MD1 90 %REC/ 1 1 2 1000107306 45616 

GEL MOUND R1-0 9/13/00 OODl507-001.002 TRICHLOROETHENE MD1 221 %REC/ , 1 1' 2 1000107306 45616 

GEL MOUND R1-0 9/13/00 OODl507-001.002 TRICHLOROETHENE MS1 231 %REC 1 1 2 1000107305 45616 

RECRL MOUND R1-1 6/14/00 00D1319-002.001 1,1,1 ,2-TETRACHLOROETHANE MS1 105 %REC 1 5 5 0006L607-002 OOLVK226 

RECRL MOUND RI-1 6/14/00 OOD1319-002.001 1.1,1,2-TETRACHLOROETHANE MD1 108 %REC, , 1 5 5 0006L607-002 OOLVK226 

RECRL~MOUND RI-i 6/14/00 00D1319-002.001 'I ,1.1-TRICHLOROETHANE '. MD1 88 %REC 1 ' 5 5 0006L607-002~OOLVK226 

RECRLjMouND RI-1 i 6/14/00'00D1319-002.001 ,l.l,l-TRICHLOROETHANE"; .. MS1 93 %REC 1 5 510006L607-002 IOOLVK226 

RECRL'MOUND RI-i 6/14/00 0001319-002.001 il.1,2,2-TETRACHLOROETHANE ' /  MS1 ' 99 %REC , 1 5 5 0006L607-002 IOOLVK226 

RECRL MouNDRi-i 6/14/00 00D1319-002.001 /1.1,2,2-TETRACHLOROETHANE' '! MD1 I 103 %REC 1 1 5 5 0006L607-002 IOOLVK226 

RECRL'MOUND ~i- i  6/14/00 00D1319-002.001 1,l  ,ZTRICHLOROETHANE MS1 1 110 %REC I 1 5 5 0006L607-002 OOLVK226 

RECRL MOUND RI-i , 6/14/00 00D1319-002.001 1,l .2-TRICHLOROETHANE MD1 117 %REC, 1 5 5,0006L607-002 OOLVK226 

RECRL MOUND R1-1 6/14/00 OOD1319-002.001 1 .l-DICHLOROETHANE ..* MD1 87 %REC 1 5 5 0006L607-002 OOLVK226 

RECRL MOUND R1-1 6/14/00 00D1319-002.001 ,I ,1-DICHLOROETHANE MS1 89 %REC 1 5 5 0006L607-002 OOLVK226 

RECRL MOUND R1-1 6/14/00 00D1319-002.001 1 ,I-DICHLOROETHENE MD1 83 %REC 1 5 5 0006L607-002 OOLVK226 

RECRL MOUND RI-1 6/14/00 00D1319-002.001 I 1,l-DICHLOROETHENE MS1 90 PhREC 1 5 I 5 0006L607-002 OOLVK226 

GEL \MOUND RI-o 9/13/00 OODl507-001.002 CHLOROBENZENE MS1 I 88 %REC, 1 1 j 1 '  2~1000107305 45616 

RECRL MOUND RI-i 6/14/00 00D1319-002.001 11.1-DICHLOROPROPENE MS1 82 %REC 1 51 5 0006L607-002 00LVK226 

RECRL'MOUND RI-i 1 6/14/00 00D1319-002.001 11.1-DICHLOROPROPENE ' MD1 ' 85 %RECI 1 51 5 0006L607-002 OOLVK226 

RECRL MOUND RI-i 6/14/00 00D1319-002,001 1,2,3-TRlCHLOROBENZENE ! MS1 ! 98 %REC! . , 1 I 51 5 0006L607-002 lOOLVK226 

RECRL MOUND RI-i 6/14/00 00D1319-002,001 1.2.3-TRICHLOROBENZENE . '  MD1 I 112 YoREC, 1 1  51 5 0006L607-002 OOLV 

RECRL MOUND R1-1 ! 6/14/00 00D1319-002.001 1,2,3-TRICHLOROPROPANE . ' MS1 95l%REC 1 1 5 5 0006L607-002 OOLV 

RECRL MOUND RI-i I 6/14/00 00D1319-002.001 1.2.3-TRICHLOROPROPANE MD1 ' 107!%REC 1 j 5 5 0006L607-002 OOLV 

RECRLIMOUND R1-1 I 6/14/00 100D1319-002.001 I 1.2.4-TRICHLOROBENZENE I MS1 I ~ O ~ % R E C I  I 1 I 51 ~~0006L607-002~00LVK226 

E-52 2000 Annual Table (11-5) Matrix Splkes.xls 
Note: Some Locations am no1 in IMP. These Locations are included because 
analyses apply IO nsuns that am from IMP Locations. 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 



Appendix E 

RECRLIMOUND RI-i 

RECRLIMOUND RI-i 

RECRLiMOUND RI-1 

RECRL~MOUND R I - i  

Table 11 -5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

6/14/00 OODl319-002,001 Il,3-DICHLOROBENZENE ! MS1 1 100 %RECl I 1 I 51 5 0006L607-002~00~~K226 _- 
6/14/00 00D1319-002.001 11 .3-DICHLOROBENZENE i MD1 I 113 %REC/ 1 1 1 51 5 0006L607-002~OOLVK226 

6/14/00 OODl319-002.001 11,3-DlCHLOROPROPANE I MS1 1 95 %RECj ! 1 j 51 5 0006L607-002~00LVK226 

6/14/00,00D1319-002.001 1.3-DICHLOROPROPANE I MD1 I 99 %RECI ! 1 1 51 5 ooo6~6o7-oo2 ioo~v~226 

01-RF-02107 

IRECRLiMOuND RI-1 I 6/14/00~00D1319-002.001 1.4-DICHLOROBENZENE I MS1 j 1061%RECI I 1 I 51 5 ~ o o o 6 ~ 6 o 7 - o o ~ ~ o o ~ v ~ 2 2 6  I 

Note: Some Locations am not in IMP. Thane Locations am included because 
analyses apply to resu~ts that are from IMP Locations. I\ E-53 2000 Annual Table (11-5) mtrlx Spibs.xls 



Bottle # 
Sample 

Date 
RECRL MOUND RI-I  6/14/00)00D1319-002.001 

RECRLiMouND RI -I , 611 4/00 I OODl319-002.001 

Lab Location 

RECRL~MOUNDRI-I 6/14/00~00D1319-002.001 

Result Lab Valid Detect Dilu. Lab Lab 
Type Qual ation Limit tion Sample# Ba Analyte Result Units 

ETHYLBENZENE MD1 111 %REC I 1 1 5 5 o o o 6 ~ 6 o 7 - 0 o ~ ) o o ~  

HEXACHLOROBUTADIENE I MD1 111 %RECI 1 1 , 5 5 0006~607-002 0 0 ~ ~ ~ 2 2 6  

HEXACHLOROBUTADIENE MS1 103 %REC I 1 5 5 0006L607-002 OOLVK226 

RECRLIMOUND R1-1 1 6/14/00)00D1319-002.001 IISOPROPYLBENZENE I MS1 102 %REC I 1 5 5 0006L607-002 OOLVK226 

RECRL MOUND R I - I  ' 6/14/00~00D1319-002.001 IISOPROPYLBENZENE I MD1 I 106I%REC 
RECRL MOUND R1-1 6/14/00~00D1319-002.001 IMETHYLENE CHLORIDE MD1 491%REC 
RECRL MOUND R I - I  611 4/00~00D1319-002.001 1 METHYLENE CHLORIDE MS 1 521 %REC 

I 1 I 51 510006L607-002IOOLVK226 

1 1 ' 5 5 0006L607-002 OOLVK226 

1 1  5 5 0006L607-002 00LVK226 
RECRL~MOUND R I - I  I 6/14/00 0001 319-002.001 1 NAPHTHALENE MS1 83/%RECI 1 5 5 0006L607-002 OOLVK226 

RECRL~MOUND RI-I 6/14/00 00D1319-002.001  NAPHTHALENE 1 MDl 96(%RECI 1 1 i 51 5 
RECRL/MOUND R I - I  6/14/00 00D1319-002.001 n-BUTYLBENZENE 1 MS1 1 103 %RECI I 1 5 5 
RECRL~MOUND RI-i I 6/14/00 OOD1319-002.001 n-BUTYLBENZENE I MD1 I 109 %RECI I 1 5 5 
RECRL MOUND RI-I 1 6/14/00 00D1319-002.001 n-PROPYLBENZENE 1 MS1 105 %RECI 1 5 5 
RECRL MOUND R1-1 1 6/14/00)00D1319-002.001 n-PROPYLBENZENE 1 MD1 110 YoRECI 1 51 5 
RECRL MOUND RI-I  I 6/14/00'00D1319-002.001 o-CHLOROTOLUENE 1 MD1 100 %RECI 1 5 5 
RECRL MOUND RI-I I 6/14/00 00D1319-002.001 o-CHLOROTOLUENE I MS1 1 104 %REC( 1 5 5 
RECRL MOUND R I - I  1 6/14/00 OODl319-002.001 p-CHLOROTOLUENE ! MS1 1 103 %RECI 1 5 5 
RECRL~MOUND R I - I  I 6/14/00 00D1319-002.001 p-CHLOROTOLUENE I MD1 1 107 %RECI I 1 5 5 
RECRL~MOUND R I - I  1 6/14/00 00D1319-002.001 PROPANE, 1,2-DIBROMO-3-CHLORO- 1 MD1 1 1021 %RECI I 1 ; 5 5 
RECRL~MOUND RI-I  1 6/14/00 00D1319-002.001 PROPANE, 1,2-DIBROMO-3-CHLORO- I MS1 I 1021 %RECI I 1  I 5, 5 

RECRLiMouND R I - I  ! 6/14/00 1 OODl3 19-002.001 sec-BUTYLBENZENE I MD1 106 %REC I 1 
RECRL~MOUND RI-i 1 6/14/00 00D1319-002.001 sec-BUTYLBENZENE 1 MS1 100 %RECl I 1 I 5 5 

RECRL~MOUND RI-I  6/14/00 00D1319-002.001 STYRENE MS1 
5 5 

97 %REC 1 1  5 5 
1-1 6/14/00 00D1319-002.001 STYRENE MD1 1051%REC 1 1  5 5 

5 5 
1 5 5 

RECRL MOUND R I - I  I 6/14/00 00D1319-002.001 TETRACHLOROETHENE MD1 79 %REC 1 ! 5 5 
RECRL MOUND R I - I  '1 6/14/00 00D1319-002.001 TETRACHLOROETHENE MSl 80 %REC 1 5 5 
RECRL MOUND R I - I  1 6/14/00 0001319-002.001 TOLUENE MS1 105 %REC 1 5 5 
RECRL~MOUND RI-I  1 6/14/00 00D1319-002.001 [TOLUENE MD1 108 %REC 1 5 5 
RECRL~MOUND R I - I  6/14/00 0001319-002.001 TOTAL XYLENES MS1 105 %REC 1 5 5 
RECRLIMOUND R I - I  6/14/00 00D1319-002.001 TOTAL XYLENES MD1 108 %REC 1 5 5 
RECRL MOUND RI-I  6/14/00~00D1319-002.001 trans-1.2-DICHLOROETHENE MD1 90 %REC 1 I 5 5 
RECRL MOUND R I - I  6/14/00~00D1319-002.001 Itrans-l,P-DICHLOROETHENE MS1 93 %REC 1 5 5 
RECRL~MOUND R I - I  , 6/14/00 00D1319-002.001 1 trans-1 ,bDICHLOROPROPENE MS1 100 %RECI I 1 , 5'  5 
RECRLiMOUND RI-1 I 6/14/00 00D1319-002.001 Itrans-1 ,3-DICHLOROPROPENE MD1 I 101 %REC 1 1 ' 5 5 
RECRL~MOUND R I - I  1 6/14/00 00D1319-002.001 TRICHLOROETHENE MD1 44 %REC I 1 5 5 

RECRL MOUND RI-I  6/14/00~00D1319-002.001 TRICHLOROFLUOROMETHANE MD1 100 %REC 1 1  5 5 
RECRL MOUND R I - I  6/14/00(00D1319-002.001 TRICHLOROFLUOROMETHANE MS1 105 'XoREC ( 1  5 5 
RECRL~MOUND R I - I  6/14/00(00D1319-002.001 /VINYL CHLORIDE MD1 901%REC I 1 5 I 5 
RECRL MOUND R I - I  I 6/14/00 00D1319-002.001 VINYL CHLORIDE MS1 1 93 %RECI I 1  5 5 

1 1  1 2 
GEL jp209289 j 11/27/00 01~0268-002.003 B.ENZENE MD1 108 %REC 1 I 1 2 
GEL IP209289 11/27/00 0100268-002.003 BENZENE MS1 108 %REC 1 1 '  2 

1 2 
GEL I P209289 11/27/00 01 00268-002.003 CHLOROBENZENE MS1 102 %REC 1 1 2 
GEL P209289 11/27/00 01 D0268-002.003 TOLUENE MDl 102 %REC 1 1 2 
GEL P209289 11/27/00 01 00268-002.003 TOLUENE MS1 104 %REC 1 1 1 2 
GEL P209289 11/27/00 01 D0268-002:003 TRICHLOROETHENE MD1 100 %REC 1 1 2 
GEL P209289 11/27/00 01 D0268-002:003 TRICHLOROETHENE MS1 102 %REC 1 1 2 
RECRLl P209489 5/3/00 OOD1243-003.001 1,1,1.2-TETRACHLOROETHANE MD1 108 %REC 5 
RECRLIP209489 5/3/00 00D1243-003.001 1,l . l  .ZTETRACHLOROETHANE I MS1 108 %REC 
RECRL(P209489 , 5/3/00 00D1243-003.001 1,l.l-TRICHLOROETHANE 1,MDl 105 %REC 5 

1-1 6/14/00 5D~l319-002.001 K-BUTYTBENZENE MS1 106 %RECI I 1 
RECRL~MOUND R I - I  I 6/14/00 00D1319-002.001 tert-BUTYLBENZENE MD1 1 112 %RECI 

RECRL'MOUND R I - I  6/14/00 00D1319-002.001 TRICHLOROETHENE MS1 74 %REC I 1 I 5 5 

GEL P209289 I 11/27/00 0100268-002.003 1,l-DICHLOROETHENE MS1 1 114 %REC( 1 1 1 2 
GEL P209289 I 11/27/00 01 D0268-002.003 , 1.1-DICHLOROETHENE MD1 1 119 %RECI 

~~ ~~ 

GEL I P209289 11/27/00 01 00268-002.003 CHLOROBENZENE MD1 100 %REC 1 

0006L607-002(00LVK226 

0006L607-002 /OOLVK226 

0006L607-002 IOOLVK226 

0006L607-002 iOOLVK226 

0006L607-002 IOOLVK226 

0006L607-002 /OOLVK226 

0006L607-002 (OOLVK226 

0006L607-002 IOOLVK226 

0006L607.002 IOOLVK226 

0006L607-002~00LVK226 

0006L607-002 OOLVK226 

o006~607-002 0 0 ~ ~ ~ 2 2 6  

0006L607-002 OOLVK226 

0006L607-002 OOLVK226 

0006L607-002 OOLVK226 

0006L607-002 OOLVK226 

0006L607-002 OOLVK226 

0006L607-002 OOLVK226 

0006L607-002 OOLV 

0006L607-002 OOLV 

0006L607-002 00LVK226 

0006L607-002 OOLVK226 

0006L607-002 OOLVK226 

0006L607-002 OOLVK226 

0006L607-002 00LVK226 

0006L607-002 OOLVK226 

0006L607-002 OOLVK226 

0006L607-002 OOLVK226 

o006~607-002 0 0 ~ ~ ~ 2 2 6  

0006L607-002 'OOLVK226 

0006L607-002 00LVK226 

W06L607-002 iOOLVK226 

0006L607-002 IOOLVK226 

1000136855 '55987 

1000136856 55987 

1000136856 55987 

1000136855 55987 

1000136856 55987 

1000136855 55987 

1000136856 55987 

1000136855 55987 

1000136856 55987 

1000136855 55987 

W05L217-003 00LVK160 

0005L217-003 OOLV 

RECRLJP209489 5/3/00 00D1243-003.001 1,l.l-TRICHLOROETHANE 'MS1 , 108 %REC 
RECRLj P209489 i 5/3/00 OODl243-003.001 lI1,2.2-TETRACHLOROETHANE MS1 108 %REC 1 i 5 0005U17-003 00LVK160 



Appendix E Table 11 -5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 

1243-003.001 : 1,1,2,2-TETRACHLOROETHANE 

Note: Some Locations am not in IMP. These Locations are included because 
analyses apply to msulUl lhat am from IMP Locations). 

I O 1  
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Appendix E Table 11-5 01-RF-02107 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

E-56 Zoo0 Annual Table (11.5) Matrh SpIhes.xIs 
N O W  Some Locallons are no1 in IMP. These Locations are included because 
analyses apply 10 resuks that are from IMP Locations. 



Location 

Note: Some Locations am not in IMP. These Locations am included because 
analyses apply Io  msults that are from IMP Locations. 

Sample Result Lab Valid Detect Dilu 
Date TY Pe Qual ation Limit tion Bottle # Analyte Result Units 

E-57 2000 Annual Table (11.5) Matrix Spikes.aIs 

--- jP218089 1 i 2~~~oo lo i~o28o-oo2.oo3 J~,~-DICHLOROETHENE 
GEL ._ ._ iP218089 ! 12/5/00~01D0280-002.003 - ~ . . . _ _ _ _ ~  !BENZENE 

MD1 111I%RECI 1 1 1 11 2)1000140059 57145 

MS1 921%RECI - I 1 I 11 2~1000140058 57145 
GEL P218089 I 12/5/00 101 D0280-002.003 !BENZENE , MD1 

~. . . 9 9 1 % ~ ~ ~ :  j 1 i 1 1  211000140059 57145 

GEL !P218089 i 12/5/00)01D0280-002.003 ICHLOROBENZENE ! MS1 I 87j%REC' I 1 ; 1 j 2)1000140058 57145 

__ GEL lP218089 1 12/5/00~01D0280-002.003 /CHLOROBENZENE MD1 1 96(%REC I 1 1 2 ioooi40059 j57145 
GEL lP218089 1 12/5/00 01 D0280-002.003 /TOLUENE MS1 99 %REC B 1 1 1 I 2 ioooi40058 157145 

GEL lP218089 I 12/5/00,01D0280-002.003 !TOLUENE , MD1 105,%REC,B I 1 i 11 2 1000140059 ,57145 
GEL 1 P218089 I 12/5/00 01 D0280-002.003 ITRICHLOROETHENE I MS1 92 %RECI / 1 I 1 2 1000140058 57145 
GEL 1 P218089 I 12/5/00 01 D0280-002.003 ITRICHLOROETHENE I MD1 100 %RECI 1 1  1 11 2 1000140059 57145 

Dissolved and Total Metals 

7.61 1 /1000136741 156203 - GEL 100200 I 11/27/00/01D0268-006.005 !ALUMINUM I MS1 1 107.31%RECI I I 1 
GEL 100200 11/27/00)01D0268-006.005 IANTIMONY 1 MS1 I 108.61%REC/ j 1 j 2.241 1 ioooi3674i &203 

GEL j00200 ; i i ~ 2 7 ~ o o ~ o i ~ o 2 ~ ~ - o o ~ . o o ~  /ALUMINUM I MD1 1 109.3/%REC! ! 1 I 7.61 1 1000136742 156203 

__-_ GEL ]00200 _L2 1/27/00~01D0268-006.005 /ANTIMONY : MD1 1 103.4/%RECI ~ 1 ~ 2.241 1 1000136742 156203 
GEL io0200 ~ 1 11/27/00i01 -___ D0268-006.005 /ARSENIC ! MSl ! 103 YoRECI 1 2.461 1 1000136741 156203 

GEL j00200 I 11/27/00~01D0268-006.005 ARSENIC MD1 i 104.4 %REC 1 2.46: 1 1000136742 156203 

GEL 100200 1 11/27/00~01D0268-006.005 BARIUM MS1 109.7 %REC 1 1 0.4871 1 1000136741 156203 

GEL 00200 1 11/27/00/01 D0268-006.005 BARIUM MD1 111.7 %REC ) 1 I 0.4871 1 ioooi36742 156203 

GEL 00200 11/27/00 01 00268-006.005 BERYLLIUM MD1 106.4 %REC i 1 0.212 1 ioooi36742 56203 

GEL 00200 / 11/27/00)01D0268-006.005 BERYLLIUM MS1 104.4 %REC 1 1 i 0.212 1 1000136741 156203 

GEL 00200 11/27/00 01 D0268-006.005 CADMIUM MS1 104.31 %REC 1 0.361 1 1000136741 56203 

GEL /00200 11/27/00 01~0268-006.005 CADMIUM MD1 105.9 %REC 1 0.361 1 1000136742 56203 

GEL 100200 11/27/00 0100268-006.005 CALCIUM I MS1 92 YoREC, 1 8.19 1 /1000136741 56203 

GEL 100200 11/27/00 01D0268-006.005 CALCIUM MD1 106 %REC 1 8.19 1 /lo00136742 56203 

GEL !00200 j 11/27/00 01D0268-006.005 CHROMIUM MS1 110.4 %REC' 1 0.697 1 1000136741 156203 

100200 I 11/27/00 01 D0268-006.005 /CHROMIUM MD1 , 104.8 %REC 1 0.697 1 1000136742 i56203 

; 00200- j 11/27/00 01 ~0268-006.005 /COBALT i MS1 1 106.2 %REC I 1 ! 0.669 1 ioooi3674i 56203 

- GEL 100200 I 11/27/00~01D0268-006.005 COBALT ' MD1 ' 107.8 %REC 1 1 ' 0.6691 1 ioooi36742 56203 

GEL 100200 I 11/27/00101 D0268-006.005 COPPER MS1 111.2 %REC 1 1.541 1 1000136741 56203 

GEL 100200 I 11/27/00101 D0268-006.005 COPPER MD1 105.4 %REC 1 1.31 1 1000136742 56203 

GEL 00200 1 11/27/00 01 D0268-006.005 IRON MS1 104.6 YoREC 1 2.37 1 1000136741 56203 

GEL. 00200 ~ 11/27/00 01 D0268-006.005 IRON MD1 106.4 %REC 1 2.37 1 1000136742 56203 

GEL 100200 I 11/27/00 01D0268-006.005 /LEAD MS1 106.6 %REC 1 2.25 1 1000136741 56203 

GEL /00200 4 11/27/00 01 D0268-006.005 /LEAD MD1 ' 108 %REC 1 2.25 1 1000136742 56203 

GEL 100200 11/27/00 OlDO268-006.005 /LITHIUM i MD1 I 105.2;%REC B ' 1 i 0.076; 1 1000136729 56201 
GEL 100200 11/27/00 01 00268-006.005 1 MAGNESIUM 1 MS1 1 105!%REC ~ 1 4.55) 1 1000136741 56203 

GEL 100200 11/27/00 01D0268-006.005 !LITHIUM j MS1 ~ 104.4 %REC B i 1 , 0.0761 1~1000136728 56201 

GEL j00200 11/27/00 01 D0268-006.005 MAGNESIUM MD1 109 %REC/ 1 I 4.551 1 1000136742 56203 
GEL 100200 11/27/00 01 D0268-006.005 MANGANESE MS1 110.3 %REC/ ' 1 / 0.4771 1 ioooi3674i 56203 

GEL 00200 11/27/00 01 00268-006.005 MANGANESE MD1 104.1 %REC 1 0.477 1 1000136742 56203 
GEL 00200 11/27/00 01 D0268-006.005 MERCURY MS1 133 %REC N 1 0.048 1 1000136578 56159 
GEL 00200 11/27/00101 D0268-006.005 MERCURY I MD1 72 %REC N 1 0.048 1 1000136579 56159 

GEL 00200 11/27/00 01 D0268-006.005 MOLYBDENUM MS1 110.2 %REC 1 1.39 1 1000136741 56203 

GEL 00200 I 11/27/00 01 00268-006.005 MOLYBDENUM MD1 104.6 %REC 1 1.39 1 1000136742 56203 
GEL 00200 11/27/00 01 D0268-006.005 NICKEL MS1'; . Z l l O  %REC 1 1.03 1 1000136741 56203 

GEL 00200 11/27/00 01 D0268-006.005 NICKEL MD1' .:104.2 %REC 1 1.03 1 1000136742 56203 
GEL 00200 , 11/27/00 01 D0268-006.005 POTASSIUM MS1 '104.6 %REC 1 0.496 1 1000136741 56203 
- GEL io0200 I 11/27/00 0100268-006.005 POTASSIUM .MD1 104.8 %REC 1 0.496 1 1000136742 56203 
GEL !00200 11/27/00 01 D0268-006.005 SELENIUM I MS1 i 106.6 %REC j 1  2.37 1 1000136741 56203 

GEL 00200 ' 11/27/00 01D0268-006.005 SILVER MS1 100.2 %REC 1 0.618 1 1000136741 56203 

GEL 00200 11/27/00 01 D0268-006.005 SILVER MD1 101.8 %REC 1 0.618 1 1000136742 56203 

' MS1 104 %REC 1 10.6 1 1000136741 56203 

MD1 108 %REC 1 10.6 1 1000136742 56203 

GEL 00200 11/27/00 01 D0268-006.005 STRONTIUM MS1 106.2 %REC 1 0.2051 1 1000136741 56203 

GEL 100200 , 11/27/00 0100268-006.005 SELENIUM ..MD1 101 %REC i 1 1 2.37 1 ioooi36742 56203 

00200 11/27/00 01 D0268-006.005 SODIUM 
00200 11/27/00 01 D0268-006.005 SODIUM 



Appendix E 

. Result Detect Dilu. Lab 
Result Units 

Limit tion Sample# B Bottle # Analyte 
Sample 

Date Type 
Lab Location 

GEL 100200 11/27/00~01D0268-006.005 (STRONTIUM 1 MD1 108.8 %REC 1 I 0.2051 1 1000136742 562 

GEL 100200 11/27/00~01D0268-006.005 [THALLIUM j MS1 j 108.6 %REC, 1 3.261 111000136741 156203 

GEL io0200 I i i ~ 2 7 / o o ~ o i ~ o 2 6 ~ o o 6 . o o ~  THALLIUM I MD1 102 %REC; ' 1 1 3.261 1(1000136742 156203 

GEL 100200 1 11/27/00~01D0268-006.005 TIN MS1 108.2 %RECI I 1 2.38/ 1 1000136741 156203 

GEL 100200 I 11/27/00)01D0268-006.005 TIN MD1 101.8l%RECI ' 1 2.38) 1 1000136742 156203 

GEL 100200 I 11/27/00~01D0268-006.005 URANIUM, TOTAL MS1 11 1.5) %REC 1 0.7231 1 1000136741 156203 

GEL )00200 I 11/27/00101 D0268-006.005 URANIUM, TOTAL 1 MD1 105.91Y0REC I 1 I .0.7231 1 1000136742 (56203 

GEL ;00200 j 11/27/00)01D0268-006.005 !VANADIUM MS1 110.4 I %REC 1 I 0.4551 1 1000136741 156203 

GEL i00200 j 11/27/00~01D0268-006.005 !VANADIUM MD1 104.41 %REC 1 I 0.4551 111000136742 156203 

GEL 100200 11/27/00(01D0268-006.005 iZlNC MS1 108.81%REC 1 0.504 1)1000136741 i56203 

RECRL/00491 1/20/00 )00D1088-001.001 /ALUMINUM MS1 107.91 %REC 1 1  1 OOOlL327-001 99L0977 

RECRL(00491 1/20/00~00D1088-001.001 'ANTIMONY MS1 103.21%REC I 1 I 1 0001L327-001 99L0970 

RECRLl00491 1 /20/00 I OOD 1 088-001.001 ARSENIC MS1 102.7i%REC I 1 I 1 1 0001L327-001 99L0970 

RECRL100491 1 /20/00 I OODlO88-001.001 BARIUM MS1 102 %REC 1 I 1 1~0001L327-001 99L0970 

RECRL100491 1 /20/00 IOOD1088-001.001 BERYLLIUM MS1 104.6 %REC( 1 ' 1 ~0001L327-001 99L0970 

RECRLl00491 1 /20/00 I OODlO88-001.001 CADMIUM MS1 94.5 %REC I 1 1 l0001L327-001 99L0970 

RECRLi 00491 j 1/20/00 (00D1088-001.001 CHROMIUM MS1 100.4 %REC 1 1 ~0001L327-001 )99L0970 

RECRLi00491 j 1/20/00 00D1088-001.001 COBALT MS1 98 %REC 1 i 1 lOOOlL327-001 99L0970 

RECRL(00491 I 1/20/00 OOD1088-001.001 COPPER I MS1 104.3 %REC 1 j 110001L327-001 99L0970 

RECRL100491 I 1/20/00 OOD1088-001.001 'IRON I MS1 101.1 %RECI 1 j 1 ~0001L327-001 99L0970 

RECRL100491 I 1/20/00 00D1088-001.001 LEAD I MS1 96.61%RECI 1 i 1 ~0001L327-001 199L0970 

RECRLl00491. 1 1/20/00 00D1088-001.001 LITHIUM I MS1 126.4 %REC/ 1 1 10001L327-001 99L0970 

RECRL!00491 I 1/20/00 00D1088-001.001 MANGANESE I MSl 102.9 %RECI 1 1 0001L327-001 99L0970 

RECRL 00491 I 1/20/00 00D1088-001.001 [MERCURY I MS1 1 96.4 %RECI 1 1 iOOOlL327-001 OOCOO29 

RECRL 00491 1/20/00 IOOD1088-001.001 MOLYBDENUM MS1 101.8 %RECl 1 !  1 OOOlL327-001 99LO 

RECRL 00491 1/20/00 00D1088-001.001 NICKEL MS1 96.3 %RECI 1 )  1 0001L327-001 99LO 

RECRL 00491 1/20/00 00D1088-001.001 SELENIUM MS1 100.3 %REC/ 1 1  1 OOOlL327-001 99L0970 

RECRL100491 1/20/00 00D1088-001.001 SILVER I MS1 104.8 %REC/ 1 1  1 0001L327-001 99L0970 

RECRL100491 1/20/00 00D1088-001.001 STRONTIUM MS1 94.8 %RECI 1 1  1 0001L327-001 99L0970 

RECRL100491 1/20/00 00D1088-001.001 THALLIUM MS1 97.9 %RECI 1 1  1 OOOlL327-001 99L0970 

RECRLi00491 1 1/20/00~00D1088-001.001 /TIN MS1 101.7 %REC( / 1 j I 1 OOOlL327-001 99L0970 

RECRL!00491 1 1/20/00~00D1088-001.001 VANADIUM MS1 ! 102.9 %RECI 1 1 I 1 OOOlL327-001 199L0970 

RECRL.00491 1/20/00~00D1088-001.001 ZINC 1 MS1 I 99.8 %RECI 1 1 0001L327-001 99L0970 

GEL 00597 9/22/00 00D1514-005.004 LITHIUM MS1 I 110.2 %RECIB 1 I 0.01 1 1000109660 46684 

GEL 00597 9/22/00 0001514-005.004 I LITHIUM MD1 I 116.6 %RECIB 1 I 0.01 1 1000109661 46684 

GEL 100597 i ~ ~ ~ ~ / o o ~ o o D ~ ~ ~ ~ - o o ~ . o o ~  MERCURY MD1 1 108 %REC 1 I 0.043 1 1000109147 46537 

RECRLl00997 7/28/00 00D1411-001.001 ALUMINUM MS1 107.8 %REC 1 I I 1 0008LZ25-001 99L1550 

RECRL1 00997 7/28/00 00D1411-001 .OD1 ANTIMONY . MS1 105.9 %REC 1 1  I 1 0008LZ25-001 99L1550 

RECRLl00997 ' 7/28/00 00D1411-001.001 ARSENIC .. . 'I MS1 105.2 %REC 1 I I 1 0008L225-001 99L1550 

RECRL100997 7/28/00 00D1411-001.001 BARIUM . 1 MS1 ! 102.9 %REC 1 1  j 1 0008LZ25-001 99L1550 

RECRLi00997 I 7/28/00 00D1411-001.001 CADMIUM MS1 100.5i%REC 1 1 i i 1 0008LZ25001 '99L1550 

RECRLi00997 1 .  7/28/00~00D1411-001.001 'CHROMIUM MS1 101.4 %REC ' 1  ' I 110008LZ25-001 99L1550 

RECRLlOO997 7/28/00 IOOD1411-001.001 ICOBALT MS1 99 %REC 1 ' I 1lOOO8LZ25-001 99L1550 

RECRL100997 7/28/00~00D1411-001.001 ICOPPER MS1 102.9 %REC 1 I 1 ~0008LZ25-001 99L1550 

RECRL100997 7/28/00 00D1411-001.001 1 IRON MS1 102.8 %REC 1 1 1100081225-001 99L1550 

RECRL100997 7/28/00,00D1411-001.001 LEAD MS1 , 99.2,%REC! 1 :  I 1 (MX)81225-001 ,99L1550 

RECRL100997 . 7/28/00 00D1411-001.001 LITHIUM MS1 130 %REC 1 I 1 1 00081225-001 99L1550 

RECRL100997 7/28/00~00D1411-001.001 MANGANESE MS1 104 %REC 1 i  i 1 0 0 0 8 ~ 2 ~ 0 1  99L1550 

RECRL 00997 7/28/00~00D1411-001.001 MERCURY MS1 100 %REC 1 j  1 00081225-001 OOC0269 

RECRL 00997 7/28/00 00D1411-001.001 MOLYBDENUM I MS1 100.1 %REC 1 1  1 0008K25-001 99L1 

RECRL100997 I 7/28/00 00D1411-001.001 SELENIUM MS1 105.51%RECI I 1 / 1 1 0008LZ25-001 99L1550 

RECRLl00997 1 7/28/00 00D1411-001.001 SILVER MS1 104.91%RECI 1 1 I 1 0008LZ25-001 99L1550 

- - ~ -  

-- 
__ - 

GEL j00200 11/27/00~01D0268-006.005 IZlNC I MD1 104.21YoRECI 1 I 0.504 1 1000136742 is6203 

GEL 00597 I 9/22/00 0001514-005.004 MERCURY MS1 I 106 %REC j 1 I 0.043 1 1000109i46 46537 

RECRLl00997 7/28/00 00D1411-001.001 BERYLLIUM . . MS1 i 104.31%REC/ 1 j ! 1 0008LZ25-001 j99~1550 

RECRL 00997 7/28/00 00D1411-001.001 NICKEL MS1 97 %REC 1 ;  1 0008LZ25001 99L1 

E-58 Z O M  Annual Table 111-5) Mndx Spikes.xls 
Note: Some Locations are not in IMP. These Localions am included because 
analyses apply Io mIUIIa t h l  are from IMP Locations. 

Table 11 -5 
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A 



Appendix E Table 1 1-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 

Note: Some Locations am not in IMP. These Locations am included Cocause 
analvses aDolv to results lhat are from IMP Locations. E-59 
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Appendix E 

Detect Dilu. Lab 
Lab Location 1 Sample Date I Bottle # Analyte lReSultl TY Pe Result Units I Limit tion Sample# 

GEL 102291 1 10/20/00)01D0179-006.004 !URANIUM. TOTAL I MDI I 108.5 %REC] 1 1 I 0.723 1 1000122512 

GEL j02291 10/20/00)01D0179-006.004 IVANADIUM MS1 j 103.5 %RECI 1 1 0.4551 111000122511 

Table 11 -5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Lab 
B 

512 

51239 

01-RF-02107 

GEL 102291 I 10/20/00~01D0179-006.004 /VANADIUM MD1 1 105.9 - %RECI I 1 0.4551 1 1000122512 151239 

I Note: Some Localions am not in IMP. These Locations am included because 
analyses apply to msults that am from IMP Locations. I . 

GEL 102291 1 10/20/00~01D0179-006.004 !ZINC MS1 I 99.91%RECl i 1 0.5041 1 ioooi225i i  151239 

GEL io2500 i 11/15/00(01D0229-006.005 !LITHIUM i MSI 105.8!%RECIB 1 I I 0.076 1~1000131851 ~ 4 5 6  

GEL 102500 1 11/15/00~01D0229-006.005 ILITHIUM j MD1 j 103.4/%REC/B 1 1 1 0.076 1)1000131852 54456 

RECRLi0386 I 7/25/00~00D1395-001.001 IALUMINUM MSl 107.81 %REC j 1 ioo08~139-001 199L1535 

j 1 0008~i39-00i 199L1535 RECRL10386 I 7/25/00~00D1395-001.001 (ANTIMONY MS1 105.91%REC/ 
RECRL10386 1 7/25/00 00D1395-001.001 IARSENIC , MS1 105.2)%RECI j 

RECRLl0386 / 7/25/00 0001395-001.001 /BARIUM MSI 102.9 %REC/ j I 1 0008L139-001 99L1535 

RECRLi0386 I 7/25/00 00D1395-001.001 1 BERYLLIUM 

GEL io2291 i 10/20/00~01D0179-006.004 !ZINC I MD1 I 102.51%RECI 1 1 1 0.504 1 1000122512 51239 -- 

- .- 

i I 1 0008L139-001 99L1535 

1 MS1 I 104.3 %RECj i I 1 0008L139-001 99L1535 

RECRL(0386 1 7/25/00~00D1395-001.001 /CADMIUM I MS1 100.5 %RECI I i 1 IOOOBL139-001 99L1535 

RECRL 0386 I 7/25/00~00D1395-001.001 /CHROMIUM ~ MSl 101.4 %RECI i 1 /0008L139-001 199L1535 

RECRL 0386 I 7/25/00~00D1395-001.001 ]COBALT MSI 99 %RECI ! 110008L139-001 199L1535 

I MS1 102.9 %REC 1 IOOO8L139-001 99L1535 

RECRL 0386 I 7/25/00 00D1395-001.001 [IRON MSI 102.8 %REC I ' 1 1 0008L139-001 99L1535 

7/25/00 00D1395-001.001 I LEAD MS1 I 99.2 %REC . I 1 1 0008L139-001 99L1535 

RECRL 0386 7/25/00~00Dl395-001.001 /LITHIUM MSl 130 %REC 1 1 0008L139-001 99L1535 

RECRL 0386 7/25/00 00D1395-001.001 /MANGANESE MS1 104 %RECI 1 10008L139-001 99L1535 

1 10008L139-001 OOC0263 RECRL 0386 7/25/00 00D1395-001.001 IMERCURY 1 MS1 100 %RECI 
1 MS1 100.1 %REC 1 0008L139-001 99L1535 RECRL 0386 1 7/25/00 00D1395-001.001 MOLYBDENUM 

I 1 0008L139-001 99L1535 RECRL10386 7/25/00 00D1395001.001 NICKEL I MSI 97 %REC 
RECRL10386 7/25/00 00D1395-001.001 SELENIUM MS1 ' 105.5 %REC I 1 0008L139-001 99L1535 

RECRLi0386 7/25/00)00D1395-001.001 SILVER MS1 104.9 %REC I 1 0008L139-001 99L1535 

RECRLi0386 7/25/00 00D1395001.001 THALLIUM MSI 98.9 %REC 1 1 0008L139-001 99L 

RECRLl0386 7/25/00 0001395-001.001 VANADIUM MS1 102.2 %REC 1 I ' 1 0008L139-001 99L1535 

RECRL 0386 7/25/00~00D1395-001.001 ZINC MS1 102.7 %REC 1 0008L139-001 99L1535 

RECRL 03991 1/24/00 OODlO88-015.001 ALUMINUM MS1 101.4 %REC 1 1 OOOlL328-001 99L0971 

1 1 OOOlL328-001 99L0971 

RECRL 03991 I 1/24/00 00D1088-015.001 ARSENIC MSI 93.6 %RECI I 1 i 1 OOOlL328-001 99L0971 

1 1 0001L328-001 99L0971 

RECRL 0386 I 7/25/00 00D1395001.001 ICOPPER 

RECRL 0386 

RECRL10386 7/25/00 00D139~001.001 STRONTIUM MS1 104.9 %REC 1 

RECRLl0386 7/25/00 00D1395001.001 iTlN MSI 101.6 %REC 

RECRL 03991 1/24/00 00D1088-015.001 ANTIMONY MS1 95.9 %REC, I 1  

00D1088-015.001 BARIUM MS1 92.2 %REC 1 1  
~ ~~ 

E-60 2MIO Annual Table (11-5) Matrix Spikairls 

RECRL 03991 1 /24/00 00D1088-015.001 BERYLLIUM MS1 94.2 %REC ' [ 1 0001L328-001 

I i 1 OOOlL328-001 RECRL 03991 I 1/24/00 00D1088-015.001 CADMIUM MS1 85.7 %REC 1 I ! 

RECRL 03991 ' 1/24/00 00D1088-015.001 CHROMIUM MS1 100.4 %REC 1 1 0001L328-001 

RECRL 03991 1/24/00 OOD1088-015.001 COBALT 1. MS1 89.7 %REC 1 1 0001L328-001 

RECRL 03991 1/24/00 00D1088-015.001 [COPPER ' 1  MS1 I 95.6 %REC 1 1 0001L328-001 

RECRL 03991 1/24/00 00D1088-015.001 IRON MS1 90.2 %RECI 1 1 0001L328-001 

99L0971 

99L0971 

99L0971 

99L0971 

99L0971 

99L0971 

RECRL 03991 1/24/00 00D1088-015.001 LEAD MS1 89.9 %RECI 1 1  1 
RECRL 03991 1/24/00 00D1088-015.001 LITHIUM MS1 117.7 %REC 1 1 
RECRL 03991 1/24/00 00D1088-015.001 MANGANESE MS1 94.5 %REC 1 1 
RECRL 03991 1/24/00~00D1088-015.001 /MOLYBDENUM MS1 91.6 %REC 1 1 
RECRL 03991 ' 1/24/00~00D1088-015.001 [NICKEL MS1 , 90.2 %REC 1 1 
RECRLl03991 1/24/00 0001 088-01 5.001 I SELENIUM MSI I 93 %REC 1 1 
RECRL103991 1/24/00 00D1088-015.001 I SILVER MS1 1 93.7 %REC i 1 I 1 

I 1 
RECRL103991 1/24/00 00D1088-015.001 THALLIUM MS1 87.6 %REC 1 1 1 
RECRLi03991 1/24/00 OOD1088-015.001 TIN MS1 93.2 %RECI 1 1 
RECRL(03991 1/24/00 OODI 08aoi  5.001 VANADIUM MS1 '93.59 %RECl ' 1 1 1 
RECRL103991 1/24/00 IOOD1088-015.001 /ZINC MS1 89.6 %REC 1 1 

RECRL(03991 1 1/24/00 00D1088-015.001 STRONTIUM MS1 86.8 %REC 1 '  

0001L328001 199L0971 

0001L328-001 99L0971 

0001L328001 99L0971 

o o o i ~ 3 2 a o o i  99~0971 

o o o i ~ 3 2 a o o i  99~0971 

OOOlL328-001 99L0971 

0001L328-001 '99L0971 

OOOlL328-001 99L0971 

0001L328-001 99L0971 

0001L328-001 99L0971 

0001L328-001 199L0971 

0001L328-001 99L0971 

RECRL 04591 3/6/00 00D1155-001.001 MERCURY MS1 95 %REC 1 
GEL 06091 11/2/00 01 D0209-001.004 ALUMINUM I i MSI i 108.4 
GEL 06091 11/2/00'01D0209-001.004 ALUMINUM 1 MD1 I 106.2 
GEL 106091 I 11/2/00~01D0209-001.004 lANTlMONY I MSI I 

%REC 7.6 1 1000129283 5366 

%REC I 7.6 1 1000129284 153666 

1061%RECI I I 2.241 111000129283 153666 
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anelyses apply lo  m o d e  that am from IMP Locations. E-61 2000 Annual Table ( I t -5)  Matrix Spikes.xls 



Appendix E 

Result Lab Valid Detect 
Qual ation Limit 

Bottle # Analyte Result Units Sample 
Date Type 

Lab Location 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Dilu Lab 
tion Sample# B 

01-RF-02107 

RECRL'10098 2/16/00~00D1124-001.001 ARSENIC MS1 102.7(Y0RECi 1 1 10003L769-001 199L 

10003L769-001 99L1102 

0003L769-001 99L1102 

RECRL 10098 2/16/00~00D1124-001.001 lBARlUM MS1 100.3!%RECI i 
RECRL 10098 2/16/00 00D1124-001.001 /BERYLLIUM 1 MS1 100.61%REC I 
RECRLl10098 I 2/16/00 00D1124-001.001 ICADMIUM 1 MS1 I 93.61%REC I 1 I ~0003L769-001 99~1102 
RECRLllOO98 I 2/16/00 00D1124-001.001 [CALCIUM I MS1 1 145.41%REC 1 1 10003L769-001 99L1102 

RECRLl10098 I 2/16/00 00D1124-001.001 [CHROMIUM 1 MS1 I 96.7 %RECi 1 I 10003L769-001 99L1102 

RECRLl10098 2/16/00~00D1124-001.001 [COBALT I MS1 93.9 %REC/ I ' i 0003L769-001 99L1102 

RECRLi10098 1 2/16/00)00D1124-001.001 /COPPER I MS1 103 %RECI 0003L769-001 99L1102 

RECRL'10098 2/16/00~00D1124-001.001 I IRON 1 MS1 94.7 %REC( 0003L769-001 99L1102- 

RECRL,10098 : 2/16/00jOODl124-001.001 /LEAD . I MS1 I 93.9 %REC/ 0003L769-001 99L1102 

RECRL(10098 I 2/16/00~00D1124-001.001 iLlTHlUM I MS1 I 135.7 %REC/ 0003L769-001 199L1102 

RECRLl10098 1 2/16/00~00D1124-001.001 /MAGNESIUM I MS1 I 99.91%RECI 10003L769-001 199L1102 

RECRLl10098 I 2/16/00~00D1124-001.001 [MANGANESE 1 MS1 I 99.81%RECI 10003L769-001 199L1102 

RECRLl10098 I 2/16/00~00D1124-001.001 [MOLYBDENUM I MS1 I 99.21%RECI 0003L769-001 99L1102 

RECRLI 10098 1 2/16/00~00D1124-001.001 I NICKEL ' MS1 I 92.21%RECI I [ 10003L769-001 199L1102 

10003L769-001 99L1102 

RECRLl10098 1 2/16/00 00D1124-001.001 [SELENIUM MS1 I 101.4 %RECI I 0003L769-001 99L1102 

j MS1 104.8 %REC/ \ 1 0003L769-001 99L1102 

i MS1 119.81%REC/ I I 0003L769-001 99L1102 

RECRLi 10098 1 2/16/00 OODll24-001,001 /THALLIUM I MS1 i 92.71%RECi j 0003L769-001 99L1102 

RECRL'10098 1 2/16/00 0001124-001.001 ITIN MS1 j 98 %REC/ 0003L769-001 99L1102 

RECRL 10098 I 2/16/00 OODll24-001.001 !VANADIUM M s i  i 99.9 %RECI I 0003L769-001 99L1102 

2/16/00 0001124-001.001 lZlNC I MS1 1 99.8 %REC[ 0003L769-001 99L1102 

RECRL 10498 I 8/9/00~00D1422-003.001 [ALUMINUM [ MS1 1 112.9 %RECj I I 1 0008K97-001~99L1546 

RECRL 10498 I 8/9/00 00D1422-003.001 ANTIMONY 1 MS1 104.6 %RECI ' 1 0008LZ97-001 99L1 

RECRL 10498 8/9/00 00D1422-003.001 ARSENIC I MS1 104.3 %REC/ 1 10008LZ97-001 99L1 

RECRL 10498 8/9/00 00D1422-003.001 BARIUM I MS1 101.3 %REC 1 0008LZ97-001 99L1546 

1 MS1 104.3 %REC 1 0008LZ97-001 99L1546 RECRL 10498 8/9/00 OODl422-003.001 BERYLLIUM 
RECRL 10498 8/9/00 00D1422-003.001 CADMIUM I MS1 99.4 %REC 1 0008U97-001 99L1546 

RECRLl10498 8/9/00 00D1422-003.001 CHROMIUM 1 MS1 101.4 %RECI 1 0008LZ97-001 99L1546 

RECRLi 10498 8/9/00 00D1422-003.001 /COBALT 1 MS1 100.8 %RECI I I 1 0008LZ97-001 99L1546 

RECRLj 10498--/ 8/9/00 00D1422-003.001 'COPPER I MS1 103.2\%RECI i ! 1 1 0008K97-001 ,99L1546 

-- 
_- 
- . __. .I___ 

-. 
RECRLl10098 I 2/16/00 00D1124-001.001 IPOTASSIUM MS1 [ 144.2 %REC! i 

RECRLi10098 j 2/16/00 00D1124-001.001 ISODIUM ___.__ 

RECRLl10098 1 2/16/00 00D1124-001.001 lSlLVER 

RECRLi 10098 1 2/16/00 OODll24-001,001 ISTRONTIUM 1 MS1 101 I%RECJ I I 1 10003L769-001 99~1102 

RECRL 10098 1 

RECRLJ 10498 1 8/9/00 00D1422-003.001 IRON I MS1 i 102.8 %RECI [ 1 1 o o 0 ~ ~ ~ 9 7 - 0 0 1  i99~1546 

RECRL 10498 8/9/00 0001422-003.001 LEAD 
I MS1 I 99.8 %RECI 1 1 0008K97-001 99L1546 

RECRL 10498 I 8/9/00 00D1422-003.001 LITHIUM MS1 I 125 %RECI 1 0008L297-001 99L1546 

RECRL 10498 I 8/9/00 00D1422-003.001 MANGANESE MS1 103.4 %REC/ 1 j 1 0008L297-001 99L1546 

RECRL 10498 8/9/00 0001422-003.001 MERCURY MS1 99 %REC/ 1 I 1 0008LZ97-dOl /OOC0280 

RECRL 10498 8/9/00 00D1422-003.001 MOLYBDENUM I MS1 100.9- ' 1 0008L297-001 99L1546 

1 0008K97-001 99L1546 RECRL 10498 8/9/00 00D1422-003.001 NICKEL 
RECRL 10498 j 8/9/00 00D1422-003.001 ISELENIUM I MS1 1 103.7 %REC( 1 0008K97-001 99L1546 

1 MS1 I 106.1 %RECI 1 1 0008K97-001 99L1546 

I MS1 I 100.6 %REC/ 1 1 0008K97-001 99L1546 

RECRL 10498 i 8/9/00 00D1422-003.001 /SILVER 
RECRL 10498 j 8/9/00 00D1422-003.001 STRONTIUM 
RECRL 10498 I 8/9/00 00D1422-003.001 THALLIUM I M s i  i 100.6 %RECI I I 1 0008K97-001 99L1546 

RECRLllO498 8/9/00 00D1422-003.001 TIN I MS1 I 103.5,%RECI 1 i , 1 0008LZ97-001 99L1546 

RECRL 10498 I 8/9/00 00D1422-003.001 VANADIUM [ MS1 I 103.5 %RECI j 1 0008K97-001 99L1546 

RECRL 10498 8/9/00 00D1422-003.001 ZINC ' MS1 102.1 %RECI 1 0008LZ97-001 99L1546 

GEL 11891 10/24/00 01D018&006.006 ALUMINUM . MS1 105.8 %RECI 7.6 1 1000125116 52295 

GEL 11891 10/24/00 OlDO188-006.006 ALUMINUM . MD1 104 %REC/ 7.6 1 1000125117 52295 

GEL 11891 10/24/00 01D0188-006.006 ANTIMONY. MS1 108.6 %RECI 2.24 1 1000125116 52295 

1 MS1 103.6 %REC 1 2.46 1 1000125116 52295 

GEL 11891 10/24/00 OlDO188-006.006 ANTIMONY 
GEL 11891 10/24/00 01D0188-006.006 ARSENIC 

I I 

I 
I MS1 97.4 %REC/ i 

I 

~~~ ~~ ~ ~~ I MD1 ! 105.2 %REC' j 2.24 1 1000125117 52295 

GEL 11891 10/24/00 01 D0188-006.006 ARSENIC I MD1 101 %REC j 2.46 1 1000125117 1 5 u  

1 0.487 1 1000125116 522 GEL I11891 10/24/00 01D0188-006.006 BARIUM I MS1 107 %REC( 
GEL j i i 8 9 i  , 10/24/00 01~0188-006.006 BARIUM ' 1 MD1 104 %RECI I 1 0.487 111000125117 52295 

GEL 111891 ! 10/24/00~01D0188-006.006 lBERYLLlUM 1 MS1 1 104.61%REC( I I 0.212 1~1000125116 152295 

Note: Some Locations are no1 in IMP. These Locations ere included Lmcause 
I' -analyses apply to msultz that am from IMP Locations. 

I \  coy 3 
E-62 



Appendix E Table 11 -5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 

GEL ill891 

Note: Some LOCationl am not in IMP. These Location. am included because 
anslysss apply to msUIU that am from IMP Locations. E-63 
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Result Detect Dilu. Lab 
TY Pe Limit tion Sample# B 

GEL 11386 1 9/11/00~00D1494-003.003 [BERYLLIUM 1 MD1 1 102.61%REC I 1 1 0.4561 1 1000104929 454 

GEL 11386 9/11/00 0001494-003.003 ICADMIUM I MD1 101.4I%REC 1 j 0.6861 1 1000104929 45416 

GEL I1386 ! 9/11/00 OOD1494-003.003 (CALCIUM / MD1 I . 120I%REC 1 i 8.321 1 1000104929 j4s16 

Analyte Result Units I Sample I Bottle # Lab Location 
Date 

- 
GEL j1386 1 9/11/00 00D1494-003.003 [CADMIUM I MS1 1 101.2/%REC 1 1 0.6861 1~1000104928 45416 

GEL 11386 9/11/00 00D1494-003.003 ICALCIUM I MS1 1 1001%REC 1 ! 8.321 1 1000104928 45416 

GEL (1386 9/11/00~00D1494-003.003 iCHROMlUM 1 MS1 I 105.1/%REC 1 I 0.871) 1 1000104928 45416 

1 MD1 I 105.5l%RECI 1 I 0.8711 111000104929 45416 

MS1 I 102.61YoREC! 1 1 j 0.914! 1j1000104928 45416 GEL 11386 9/11/00(00D1494-003.003 [COBALT 
GEL (1386 9/11/00 IOOD1494-003.003 1 COBALT MD1 1 102.6 %REC: I 1 1 0.914; 111oooio4929 45416 

GEL 11386 9/11/00 00D1494-003.003 !COPPER MS1 i 103.9 %REC ; 1  I 1.63; 1'1000104928 '45416 

GEL 11386 9/11/00 00D1494-003.003 /COPPER MD1 1 104.1 %REC 1 1 1 1.63/ 1 ioooi04929 45416 

GEL 11386 I 9/11/00 00D1494-003.003 /IRON I MS1 I 103.31%REC . I 1 I 8.61 1 1000104928 45416 

GEL 11386 1 9/11/00 00D1494-003.003 jlRON I MD1 f 103.71%REC I 1 1 8.61 1 ioooio4929 45416 

GEL 11386 i 9/11/00 00D1494-003.003 !LEAD i MS1 I 102.2 %REC I 1 I 1.381 1 io00104928 45416 

GEL 11386 9/11/00 0001494-003.003 (LEAD . MD1 I 101.8 %REC 1 1 1.381 1'1000104929 45416 

GEL 11386 I 9/11/00~00D1494-003.003 [CHROMIUM - 
, .  

~- 

GEL ' 1386 9/11/00 0001494-003.003 LITHIUM MS1 I 115.4 %REC B 1 1 0.01 1 1000105684 45823 

GEL 1386 9/11/00 0001494-003.003 LITHIUM MD1 1 119.6 %REC 1 1  0.01 1 1000105685 45823 

GEL 1386 9/11/00 00D1494-003.003 MAGNESIUM MS1 1 11O(%REC 1 1 5.99 1 1000104928 145416 
GEL (1386 I 9/11/00 00D1494-003.003 MAGNESIUM 1 MD1 I 114 %REC 1 I 5.99 1 1000104929 45416 

GEL 11386 I 9/11/00~00D1494-003.003 IMANGANESE I MS1 103.8 YoREC 1 I 0.937 1/1000104928 45416 

GEL I1386 I 9/11/00 00D1494-003.003 /MANGANESE MD1 1041.2 %REC 1 I 0.937 1 I000104929 45416 

1 1 0.043 1 1000105017 45139 GEL 11386 I 9/11/00 00D1494-003.003 [MERCURY MS1 107 %REC 
GEL 11386 1 9/11/00 0001494-003.003 ]MERCURY MD1 107 %REC 1 0.043 1 1000105018 45139 

GEL j 1386 I 911 1/00 00D1494-003.003 MOLYBDENUM I MS1 111.7 %REC 1 1.46 1 1000104928 45416 

1.46 1 1000104929 45416 

1.29 1 I000104928 4541 

GEL 11386 9/11/00 0001494-003.003 NICKEL MD1 103.8 %REC 1 1.29 1~1000104929 4541 

GEL 1386 9/11/00 00D1494-003.003 [POTASSIUM MSl 104 %REC 1 I 21.5 1 1000104928 45416 

GEL 1386 9/11/00 00D1494-003.003 IPOTASSIUM MD1 104.8 %REC 1 21.5 1 1000104929 45416 

GEL 1386 9/11/00 00D1494-003.003 ISELENIUM MS1 101.4 YoREC 1 2.14 1 I000104928 45416 

2.14 1 1000104929 45416 

GEL 11386 9/11/00 00D1494-003.003 ISILVER MS1 100.8 %RECI 1 1 0.935 1 1000104928 45416 

GEL 11386 9/11/00~00D1494-003.003 [SILVER MD1 102.8 %REC/ 1 1 1 0.9351 1 1000104929 45416 

GEL i1386 9/11/00~00D1494-003.003 ISODIUM MS1 1 120 %RECI 1 1  12.21 1 I000104928 45416 

GEL I1386 , 9/11/00)00D1494-003.003 SODIUM I MD1 120 %RECI j 1 12.21 1 1000104929 45416 

' 1 1 0.4511 1 1000104928 45416 GEL j1386 ' 911 1/00)00D14~-003.003 STRONTIUM MS1 I 102 %RECI 
GEL 1386 911 1\00 00D1494-003.003 STRONTIUM MD1 I 104 %RECI 1 0.451 1 1000104929 45416 

GEL 1386 9/11/00 00D1494-003.003 THALLIUM MS1 102.6 :Yos13EC 1 2.11 1 1000104928 45416 ---------- 
2.1 1 1 100010492~ 45416 

GEL 1386 9/11/00 00D1494-003.003 TIN MS1 103:8 .O/oREC 1 3.09 1 I000104928 45416 

GEL 1386 911 1/00 00D1494-003.003 (TIN MDl 104 %REC 1 3.09 1 1000104929 45416 

GEL 11386 9/11/00 00D1494-003.003 URANIUM, TOTAL MS1 111.8 %REC 1 17.91 . 1llOOOl04928 45416 

GEL 11386 I 9/11/00 00D1494-003.003 URANIUM, TOTAL MDl 113.6 %REC 1 17.9 1 1000104929 45416 

GEL j1386 i 9/11/00~00D1494-003.003 VANADIUM MS1 107.4 %RECI 1 1.42 1 1000104928 45416 

1 1.42 1 I000104929 45416 GEL 11386 1 9/11/00 00D1494-003.003 [VANADIUM MD1 I 107.8 %RECI 
-6 1 9/11/00 00D1494-003.003 /ZINC MS1 102.9 %RECI 1 2.19 1 1000104928 145416 

GEL 1386 10/26/00 01D0203-009.001 ALUMINUM MS1 100.61 %RECI 1 7.61 1 1000131169 154454 
GEL 1386 10/26/00 01D0203-009.001 ALUMINUM MD1 I 99.61%RECI 1 7.6 1 1000131170 54454 

2.24 1 1000131169 54454 

GEL 1386 10/26/00 101 00203-009.001 ANTIMONY MD1 103 %RECI 1 2.24 1 1000131170 54454 

1 2.46 1 1000131169 54454 

- 

- 
GEL 11386 9/11/00 0001494-003.003 MOLYBDENUM MD1 112.7 %RECI 1 
GEL 11386 9/11/00,00D1494-003.003 NICKEL MS1 103.8 %RECI 1 .  

GEL 11386 9/11/00 00D1494-003.003 !SELENIUM MD1 102.4 %RECI 1 

GEL 1386 9/11/00 00D1494-003.003 THALLIUM MD1 $03 :%l?EC 1 

GEL 1386 9/11/00 00D1494-003.003 lZlNC MD1 103.3 %RECI 1 2.19 1 1000104929 id5416 

- 

GEL 1386 I 10/26/00 01 D0203-009.001 ANTIMONY MS1 I 1041%RECI 1 

GEL 1386 10/26/00)01D0203-009.001 (ARSENIC MD1 100.2 %RECI 1 
GEL 1386 10/26/00 IO1 00203-009.001 ARSENIC MS1 101 %RECI 

GEL 11386 10/26/00)01D0203-009.001 BARIUM 1 MS1 1 108.6 %RECI 
GEL I1386 10/26/00~01D0203-009.001 BARIUM i MDl  j 107.41%RECi j V1 I 0.4871 1 1000131170 54454 

2.46 1 1000131170 544 

1 0.487 1 1000131169 544 

GEL 11386 I 10/26/00~01D0203-009.001 BERYLLIUM 1 MS1 103.41%RECi ! 1 1 0.212; 1~1000131169 54454 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01 -RF-02107 

Nota: Some Locations am not in IMP. These Locations am included because 
analyses apply Io rasults that am from IMP Locations, , / E-64 ZOO0 Annual Table (11-5) M l r i x  Spihes.xls 
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Result 
Result 

Type 
Bottle # Analyte 

Sample 
Date 

Location 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Units 

01-RF-02107 

11386 I 10/26/00 
GEL 11386 i 10/26/00 

01D0203-009.001 /BERYLLIUM 1 MD1 ~ 102.6/%RECI 1 1 I 0.212 1/1000131170 54454 

01D0203-009.001 !CADMIUM i MS1 I 102.3 %RECI I 1 I 0.3611 1 1000131169 54454 

Note: Some Localion8 am not in IMP. There Location8 a n  included because 
, . , 1 analyses apply lo nsulu Ihal am from IMP Localions. 

j MDl I 101.5 GEL j 1386 - I 10/26/00~01D0203-009.001 !CADMIUM - 
GEL 11386 10/26/00 01D0203-009.001 !CALCIUM j MS1 I 120 ___ 

E-65 2coO Annual Tabla (11-5) M a t h  Splluls.ils 

%RECI 1 1 1 0.3611 1 iooo i3 i i70  54454 

%REC! 1 1 I 8.191 1 1000131169 154454 

GEL ~ 1386 ' 10/26/00 01D0203-009.001 !CALCIUM ! MD1 I 120!%RECI i 1 I 8.191 1 
j MS1 I 105.9lY0REC/ 1 1 I 0.6971 1 GEL 11386 10/26/00 01 D0203-009.001 /CHROMIUM 

GEL 11 386 10/26/00 01 D0203-009.001 CHROMIUM 1 MD1 I 105.1l%REC 1 1 1 0.6971 1 
GEL 11386 10/26/00 01 D0203-009.001 COBALT ' MS1 i 106.3i%REC I 1 i 0.6691 1 
GEL 11 386 10/26/00 01 D0203-009.001 COBALT MD1 105.4 %REC 1 1 ! 0.6691 1 

-7 

GEL i i 386 : 10/26~00~01~0203-009.001 COPPER MS1 105.6 %REC 1 I 1 . 9  1 
GEL 11 386 10/26/00~01D0203-009.001 COPPER MD1 104.6 %REC 1 1.54 1 
GEL 11386 1 10/26/00/01D0203-009.001 /IRON MS1 I 101.1 %REC 1 2.37 1 

1000131170 154454 - 
ioooi3 i i69  154454 

1000131170 154454 - 
1000131169 54454 

iooo i3 i i70  54454 

1000131169 54454 

1000131170 54454 

1000131169 54454 - 
GEL 11386 1 10/26/00~01D0203-009.001 IlRON MD1 I 100.3 %RECI 1 1 2.371 1~1000131170 54454 

GEL 11386 1 10/26/00 OlDO203-009.001 ;LEAD MS1 [ 102.2 %REC! 1 ! 2.251 1 1000131169 54454 

2.25: 1' 1000131170 54454 GEL 11386 I 10/26/00 0 1 D 0 2 0 3 m A D  MD1 I 102 %REC/ : 1 
GEL 11386 ~ 10/26/00 OlDO203-009.001 'LITHIUM MS1 I 98 %REC B i 1 1 0.0761 1 1000130463. 54021 

GEL 1386 i 10/26/00 01D0203-009.001 LITHIUM MD1 98.8 %REC B 1 1 1 0.076 1 1000130464 54021 

4.55 1 1000131169 54454 GEL 1386 I 10/26/00 01 D0203-009.001 'MAGNESIUM MS1 112 %REC i 1 
GEL 1386 ' 10/26/00 OlDO203-009.001 ]MAGNESIUM MD1 108 %REC ~ 1 4.55 1 1000131170 54454 

GEL 1386 
GEL 1386 10/26/00 01D0203-0091001 I MANGANESE MD1 103.8 %REC 1 0.477 1 1000131170 54454 

1 0.048 1 1000130544 54682 GEL 1386 10/26/00 01 00203-009.001 I MERCURY MS1 106 %REC 
GEL 1386 10/26/00 OlDO203-009.001 IMERCURY MD1 106 %REC 1 1 0.0481 1 1000130545 54682 

__- 

- ____ 

' 10/26/00 01 D0203-009.001 I MANGANESE MS1 105 %REC 1 0.477' 1 1000131169 54454~  

GEL 1386 10/26/00 01 D0203-009.001 IMOLYBDENUM MS1 103.9 %REC 1 1.391 1 1000131169 54454 

GEL 1386 10/26/00 01 D0203-009.001 [MOLYBDENUM MD1 103.1 %REC 1 1.391 1 1000131170 154454 

MS1 104.4 %REC 1 1.03 1 1000131169 54454 

MD1 104.4 %REC 1 1.03 1 1000131170 54454 

10/26/00 01 D0203-009.001 POTASSIUM MS1 101.2 %REC 1 0.496 1 1000131169 54454 

GEL ,1386 10/26/00 01D0203-009.001 POTASSIUM MD1 100.4 %REC 1 0.496 1 1000131170 54454 

GEL 11386 10/26/00 01 D0203-009.001 SELENIUM MS2 93.1 YoREC, 1 1 2.37 1 1000131169 54454 

GEL 1386 10/26/00 01 D0203-009.001 SELENIUM 1 MD2 91.1 %REC 1 2.37 1 1000131170 54454 

GEL 1386 10/26/00 01 D0203-009.001 ISlLVER MS1 104.8 %REC 1 0.618 1 1000131169 54454 

GEL 1386 10/26/00 01 00203-009.001 SILVER MD1 103.8 %REC 1 0.618 1 1000131170 54454 

MS1 140 %REC 1 10.6 1 1000131169 54454 GEL 1386 10/26/00 01 D0203-009.001 SODIUM 
MD1 120 %REC 1 10.6 1 1000131170 54454 GEL 1386 10/26/00 OlDO203-009.001 SODIUM 

GEL 1386 10/26/00 01 D0203-009.001 STRONTIUM MS1 106 %REC 1 0.205 1 1000131169 1544% 

GEL 1386 10/26/00 01D0203-009.001 STRONTIUM MD1 106 %REC 1 0.205 1 1000131170 54454 

10/26/00 01 D0203-009.001 ITHALLIUM MS1 101.4 %REC I 1 3.26 1 1000131169 54454 

GEL 1386 10/26/00~01D0203-009.001 /THALLIUM MD1 101.6 %REC 1 3.26 1 1000131170 54454 

GEL 1386 i I O / ~ ~ / O O ~ O ~ D O ~ O ~ - O O ~ . O O ~  ITIN MSl , 99 %REC 1 2.38 1 1000131169 54454 

GEL 1386 i i o ~ 2 6 ~ o o ~ o i ~ o 2 o ~ - o o 9 . o o i  TIN ' MD1 97.6 %REC 1 I 2.38 1 1000131170 54454 

GEL )1386 10/26/00 01 D0203-009.001 URANIUM, TOTAL MS1 104.8 %REC 1 ~ 0.723 ' 1 1000131169 54454 

GEL 1386 10/26/00 01 D0203-009.001 URANIUM, TOTAL MD1 105.2 %REC 1 0.723 1 1000131170~ 54454 

GEL 1386 10/26/00 01 D0203-009.001 VANADIUM MS1 101.4 %REC 1 0.455 1 1000131169 54454 

GEL 1386 10/26/00 01D0203-009.001 VANADIUM I MD1 100.6 %REC 1 0.455 1 1000131170 54454 

GEL 1386 10/26/00 01 D0203-009.001 ZINC MS1 102.7 %REC 1 0.504 1 1000131169 54454 

10/26/00 01 D0203-009.001 ZINC MD1 101.9 %REC 1 0.504 1 1000131170, 54454 

1386 10/26/00 01D0203-009.001 /NICKEL 
1386 10/26/00 01 00203-009.001 NICKEL 

GEL 1386 

~~~ ~~ 

-- 
GEL 1386 

___ 

GEL 1386 
RECRL 1786 7/18/00 00D1386-001.001 ALUMINUM M s i  83.1 %REC 1 1 0007L019-001 99L1511 

RECRL 1786 , 7/18/00 OOD1386-001.001 ANTIMONY MS1 90.2 %REC 1 I 1 0007LO19-001 99L1511 

RECRL 1786 1 7/18/00 OODl386-001.001 ARSENIC MS1 92.1 %REC 1 I 1 0007LO19-001 99L1511 

RECRL 1786 j 7/18/00/00D1386-001.001 BARIUM MS1 85.7 %REC 1 1 1 0007LO19-001 99L1511 

LI 1786 7/18/00'00D1386-001.001 BERYLLIUM MS1 83.9 %REC 1 '  1 1 0007LO19-001 199L1511 

L /  1786 7/18/00 00D1386-001.001 ICHROMIUM MS1 82.9 %REC 1 1 0007LO19-001 99L1511 

RECRL~ 1786 7/18/00 OODl386-001.001 ]COBALT MS1 79.3 %REC 1 1 0007L019-001 99L1511 

RECRLl1786 I 7/18/00~00D1386-001.001 /COPPER MS1 92.5 %REC 1 1 0007L019-001 99L1511 

LI 1786 711 8/00 OOD 1 386-00 1 .OO 1 1 CADMl U M MS1 77.9 %REC 1 j 1 0007L019-001 99L1511 



Appendix E 

Result Lab Valid. Detect Dilu. Lab Lab 
Analyte Result Units 

Qual ation Limit tion Sample# B 
Bottle # 

Sample 
Lab Location 

Date Type 
RECRL 1786 7/18/00~OODl386-001.001 ]IRON MS1 72.2 %REC j 1 i 1 0007L019-001~99L 
RECRL 1786 1 7/18/00~00D1386-001.001 /LEAD MS1 * 80.2i%REC 1 1 I 1 1 0007LO19-001 199L1511 
RECRL' 1786 7/18/00 I OODl386-001.001 I LITHIUM MS1 119.41%REC, j 1 1 i 1 0007L019-001~99L1511 

RECRL 1786 7/18/00~00D1386-001.001 MERCURY MS1 1 941%RECl 1 1 [ 1 1 0007L019-001 IOOC0251 
RECRL 1786 7/18/00~00D1386-001.001 MOLYBDENUM MS1 1 83.91%REC/ 1 1 I 1 1 0007L019-001\99L1511 

( I  j 1 1 0007L019-001 99L1511 
RECRL~ 1786 I 7/18/00 00D1386-001.001 SILVER I MS1 1 95.4\%REC( I 1 1 1 1 0007L019-001 99L1511 
RECRLll786 1 7/18/00 00D1386-001.001 STRONTIUM MS1 01 %RECI 1 ;  j 1 0007L019-001 99L1511 
RECRL/ 1786 1 7/18/00 0001386-001.001 /THALLIUM MS1 77.81%RECI 1 1  [ 1 0007L019-001 /99L1511 
RECRLj1786 I 7/18/00 00D1386-001.001 !TIN MS1 83.7iYoRECI I 1 I I 1 0007L019-001 199L1511 

RECRL' 1786 7/18/00 00D1386-001.001 IZlNC MS1 64.3 %REC 1 1  ! I 1 ~0007L019-001 99L1511 
GEL 18199 12/5/00 0100213-001.005 [ALUMINUM MS1 101.4 %REC I 1 7.61 fl1000143846 58778 

GEL 18199 12/5/00 01 DO21 3-001.005 1 ALUMINUM MD1 102.2 %RECl I 1 7.6 1 )I000143847 58778 

GEL j18199 12/5/00 01D0213-001.005 /ANTIMONY MS1 104.1 %REC / 1 , 2.24 1 1000143846 158778 

GEL !18199 i 12/5/00'01D0213-001.005 /ANTIMONY MD1 1 104.7 %REC i 1 2.24 1 1000143847 158778 

GEL 18199 1 12/5/00~01D0213-001.005 [ARSENIC MD1 101 %REC I 1 2.46 1 1000143847 58778 

RECRL 1786 7/18/00 100D1386-001.001 MANGANESE MS1 85.61YoRECI ! 1 1 I 1 0007LO19-001 / ~ ~ L I ~ I I  

RECRLll786 7/18/00~00D1386-001.001 /NICKEL MS1 I 76.51%REC/ 1 1 1 1)ooo7~o19-0o1/99~i511 

RECRL11786 7/18/00~OODl386-001.001 SELENIUM MS1 1 85(%RECI 

RECRL~ 1786 7/18/00 00D1386-001.001 [VANADIUM MS1 1 86.3 %REC' j 1 j 1 1 )0007L019-001 199~1511 

2.46 1 1000143846 58778 GEL 18199 1 1 2/5/00 j 01 1302 1 3-001.005 I ARSENIC MS1 99.6 %REC 1 1  1 
GEL 18199 I 12/5/00 OlDO213-001.005 [BARIUM I MS1 1 103.4 %RECi i 1 0.4871 1'1000143846 58778 

GEL 118199 1 12/5/00 0100213-001.005 BARIUM / MD1 I 105 %REC[ 1 ' 0.487 1 1000143847 '58778 

GEL j18199 1 12/5/00 01D0213-001.005 BERYLLIUM MS1 I 99.6 %REC] 1 0.212 1 1000143846 58778 

GEL 118199 j i 2 / ~ ~ o o ~ o i ~ o 2 i 3 - o o i . o o ~  BERYLLIUM MD1 I 100.8 %RECI 1 0.212 111000143847 58778 

GEL 18199 12/5/00 0100213-001.005 CADMIUM MS1 98.4 %RECI j 1 1 0.361 1 1000143846 58778 

GEL 18199 12/5/00 01D0213-001.005 CADMIUM MD1 99 %REC! / 1 I 0.361 1 1000143847 5877 

GEL 18199 12/5/00 0100213-001.005 CALCIUM MS1 132 %REC 1 1 I 8.19 1 1000143846 5877 

GEL 118199 I 12/5/00 OlDO213-001.005 CALCIUM I MD1 148 %REC 
GEL 18199 1 12/5/00 01D0213-001.005 CHROMIUM MS1 I 101.8 %REC I 1 1 0.697 1 1000143846 58778 
GEL 18199 12/5/00 0100213-001.005 CHROMIUM MD1 1 101.8 %REC 1 1 0.6971 1 1000143847 58778 

GEL 18199 12/5/00 0100213-001.005 COBALT MS1 I 99.9 %REC 1 i 0.6691 1 1000143846 58778 

GEL (18199 12/5/00 OlDO213-001.005 COBALT . MD1 100.1 %REC 1 1 0.6691 1 1000143847 58778 

GEL :18199 12/5/00 0100213-001.005 /COPPER MS1 101.4 %REC 1 i I.%! 1 1000143846 58778 

GEL j18199 12/5/00 OlDO213-001.005 IRON MS1 98.5 %REC I 1 I 2.37 1 1000143846 58778 

GEL 118199 I 12/5/00 OlDO213-001.005 IRON MD1 99.9 %REC I 1 1 2.37 111000143847 58778 

GEL 118199 1 12/5/00 OlDO213-001.005 LEAD MD1 101.2 %REC 1 1  2.25 1 1000143847 58778 

GEL 118199 I 12/5/00 0100213-001.005 MAGNESIUM MS1 106 %REC 1 1  4.55' 1 1000143846 158778 

GEL 118199 1 12/5/00 01D0213-001.005 MANGANESE I MS1 101.6I%REC 1 0.477 1 1000143846 58778 

GEL 118199 \ 12/5/00 OlDO213-001.005 MANGANESE \ MD1 103.4 %REC 1 0.477 1 1000143847 58778 

GEL 118199 12/5/00 OlDO213-001.005 [MERCURY ' MS1 ' 103 %REC 1 0.048' 1 1000143351 58518 

GEL j18199 12/5/00 OlDO213-001.005 MERCURY MD1 103 %REC 1 0.048 1 1000143352 58518 

____ 
GEL i18199 j 12/5/00 0lD0213-001.005 COPPER I MD1 102.8 %REC 1 j isj 1 1000143847 '58778 

GEL 118199 1 12/5/00 0100213-001.005 LEAD MS1 I 100.8 %REC ; 1 2.25 1 1000143846 58778 

GEL i18199 I 12/5/00 0100213-001.005 MAGNESIUM I MD1 108/%REC I 1 i 4.55 1 1000143847 58778 

GEL j18199 12/5/00 01D0213-001.005 MOLYBDENUM MS1 , 102 %RECi , 1 1 1.39 1 1000143846 58778 

GEL 118199 12/5/00 01D0213-001.005 MOLYBDENUM MD1 1 102.61%RECI 1 j 1.39 1]1000143847 58778 

GEL 18199 1 2/5/00 0 1 DO2 1 3-001.005 NICKEL MS1 I 101.6 %RECI 1 ' 1.03' 1 1000143846 58778 

- GEL 18199 12/5/00 01D0213-001.005 \NICKEL MD1 102.6 %REC 1 1.03 1 1000143847 58778 

GEL 18199 12/5/00 01 D0213-001.005 POTASSIUM MS1 99.6 %REC 1 0.496 1 1000143846 58778 

GEL j18199 I 12/5/00 0100213-001.005 POTASSIUM MD1 101.6 %REC 1 0.4961 1 1000143847 158778 

GEL 18199 12/5/00 01D0213-001.005 SELENIUM MS1 99 %REC( 1-1 ~ I 2.37 1 1000143846 158778 

GEL 18199 12/5/00 0100213-001.005 SILVER MS1 101 %REC 1 0.618 1 1000143846 5877 

GEL 18199 12/5/00 OlDO213-001.005 SILVER MD1 101.2 %REC 1 0.6181 1 1000143847 5877 

GEL 18199 12/5/00 01D0213-001.005 SODIUM MS1 110 %REC 1 10.61 1 1000143846 58778 

GEL 118199 1 12/5/00~01D0213-001.005 ISODIUM I MD1 I 1201%RECl I 1 I 10.61 111000143847 158778 

GEL 18199 12/5/00 01D0213~001.005 SELENIUM MD1 99 %REC 1 2.37 1 1000143847 58778 

E-66 2wO Annul Table (11-5) Matrix Spikos.xIs 
Nota: Some Locations am no: in IMP. These Locations are included because 
analvses apply to msulu that am from IMP Locations. 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 



Appendix E 

Result Lab Valid Detect Dilu Lab 
Result Units 

Qual ation Limit tion Sample# Bottle # Analyte 
Sample 

Location 
Date Type 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - W Q 6 -  PCB Samples 

Groundwater Calendar Year 2000 

Lab 
Batch#, 

01-RF-02107 

____ 118199 1 12/5/00 01D0213-001.005 /STRONTIUM __._____- 1 MS1 ._ 1 101.8 %RECI - ~ .  / 1 I 0.2051 1~1000143846 158778 

I MD1 I 104.2 GEL !18199 __ 12/5/00101D0213-001.005 \STRONTIUM %REC! ! 1 j 0.205j 11ioooi43847 158778 ___ 

GEL i18199 , 12/5/00!01D0213-001.005~TlN i MS1 1 102.21Y0REC/ j 1 2.381 1/1000143846 
- ,  - 

GEL 118199 I 12/5/00~01D0213-001.005 /TIN 1 MD1 1 100.61%REC ! 1 I 2.38i 111000143847 

GEL ,18199 I 12/5/00~01D0213-001.005 [URANIUM, TOTAL I MS1 i 106.21%REC I 1 I 0.7231 1 1000143846 

GEL 18199 12/5/00/01D0213-001.005 URANIUM, TOTAL i MD1 108.2'%REC I 1 I 0.7231 1 1000143847 

58778 

58778 

58778 , 

58778 

- GEL 118199 12/5/00/01D0213-001.005 VANADIUM MS1 99.9 %RECi I 1 0.4551 1 
GEL 118199 12/5/00 01D0213-001.005 VANADIUM MD1 99.9 %REC( 1 0.455) 1 

1000143846 158778 ~ 

1000143847 158778 

GEL 718199 12/5/00 01 DO21 3-001.005 ZINC MS1 99 %REC/ 1 0.504 111000143846 58778 

GEL i18199 12/5/00 0100213-001.005 /ZINC MD1 I 100.2 %REC/ 1 0.504 111000143847 ,58778 

RECRLl1986 I 5/8/00 0001261-001.001 IMERCURY MS1 I 87 
__- RECRLi22596 I 2/21/00,00D1136-001.001 /ALUMINUM MS1 103.6 

MS1 98.8 
RECRLj 22596 2/21/00 iOODll36-001.001 i ARSENIC MS1 97 
- RECRLi22596 ~~ I 2/21/00j00D1136-001.001 IANTIMONY 

RECRL 22596 2/21/00 00D1136-001.001 /BARIUM MS1 96.7 

~~~ 

RECRL 22596 2/21/00 00D1136-001.001 iBERYLLlUM MS1 101.7 
RECRL 22596 2/21/00 00D1136-001.001 CADMIUM MS1 93.7 
RECRL 22596 2/21/00 00D1136-001.001 CHROMIUM MS1 96.2 
RECRL 22596 2/21/00~00D1136-001.001 COBALT MS1 95.7 
RECRL 22596 2/21/00 00D1136-001.001 COPPER MSI 99.8 
RECRL 22596 2/21/00 00D1136-001.001 IRON MS1 108.3 

%REC/ 1 1  1 10005L309-001 OOC0163 

~ 1 0002L570-001 99L1041 

%RECI 1 1 I I 1 0002L570-001 99L1041 

%REC 1 ' 1 0002L570-001 199L1041 

1 0002L570-001 199L1041 

%REC 1 1 0002L570-001 199L1041 

%REC / 1  I 1 0002L570-001 i99L1041 

%REC 1 1  1 0002L570-001 199L1041 

%REC 1 1  1 0002L570-001 99L1041 

%REC 1 1 0002L570-001 99L1041 

%REC 1 1 0002L570-001 99L1041 

%REC/ , 1 ! 

~ ~ ~~ 

%REC 1 1  

RECRL 22596 2/21/00 00D1136-001.001 LEAD 
RECRL 22596 2/21/00 OODll36-001.001 !LITHIUM 

MS1 96.31 %REC 1 I I 1 0002L570-001 99L1041 

\ 1 0002L570-001 99L1041 MS1 119.21 YoREC 1 !  
L 22596 2/21/00 OODll36-001.001 MANGANESE I MS1 1 92.4[%REC/ ~ 1 ' 1 

2/21/00 OODll36-001.001 I MERCURY 1 MS1 1 841%RECi j 1 1 1 
-RtCRL 22596 2/21/00~00D1136-001.001 IMOLYBDENUM MS1 97.5 %REC/ ! 1 ~ 1 

1 
RECRL 22596 2/21/00 00D1136-001.001 SELENIUM MS1 98.1 %REC 1 1 
RECRLl22596 2/21/00 00D1136-001.001 SILVER MS1 99.1 %REC 1 1 
RECRLl22596 2/21/00 OODl136-001.001 STRONTIUM MS1 92.8 %REC 1 1 
RECRLl22596 2/21/00 OODll36-001.001 THALLIUM MS1 95.7 YoRECl 1 1 
RECRL 22596 2/21/00 00D1136-001.001 TIN MS1 97.5 %REC/ 1 :  1 
RECRL 22596 2/21/00 OODll36-001.001 VANADIUM I MS1 97.9 %RECl 1 1 
RECRL 22596 I 2/21/00 00D1136-001.001 ZINC MS1 96.2 %REC/ ~ 1 i I 1 
RECRLi23096 1 1/10/00 00D1063-001.001 MERCURY MS1 I 94.1 %RECI I 1 1 
GEL 123196 I 11/30/00 OlDO298-008.002 MERCURY MS1 109 %REC 1 0.048 1 
GEL 123196 ~ 11/30/00,01D0298-008.002 MERCURY ! MD1 104 %REC 1 0.048 1 
RECRLi40499 I 5/24/00 00D1280-016.001 ALUMINUM MS1 98.6 %REC1 ' 1  i 

RECRLl40499 5/24/00 OOD1280-016.001 ANTIMONY MS1 100.2 %REC 1 
RECRLl40499 5/24/00 00D1280-016.001 ARSENIC MS1 101.1 %REC 1 
RECRL(40499 5/24/00 00D1280-016.001 BARIUM MS1 100.8 %REC I 1 
RECRLl40499 5/24/00 00D1280-016.001 BERYLLIUM MS1 104 %REC I 1  I 

RECRL140499 5/24/00 00D1280-016.001 CADMIUM MS1 I 98.41YoREC 1 1 I 
RECRL 40499 5/24/00 OODl280-016.001 ' CALCIUM MS1 154.7 %REC, 1 (  
RECRL 40499 , 5/24/00 00D1280-016.001 CHROMIUM MS1 99.7 %REC 1 1  
RECRL 40499 1 5/24/00 00D1280-016.001 COBALT MS1 96.6 %REC 1 1  
RECRL 40499 5/24/00 00D1280-016.001 COPPER MS1 100.4 %REC , 1 
RECRL,40499 ~ 5/24/00 OOD1280-016.001 IRON MS1 ~ 95.5 %RECj ! 1 I 
RECRL 40499 5/24/00 00D1280-016.001 LEAD MS1 1 96.1i%REC/ j 1  j ! 

RECRL 40499 I 5/24/00 00D1280-016.001 LITHIUM MS1 119.2 %RECI 1 1 
L 40499 5/24/00 OODl280-016.001 MAGNESIUM MS1 96.1 %RECI 1 '  
L 40499 5/24/00 OODl280-016.001 MANGANESE MS1 102.1 %REC ' 1 

RECRL 40499 5/24/00 00D1280-016.001 MERCURY MS1 92.5 %REC 1 
RECRL140499 i 5/24/00~00D1280-016.001 /MOLYBDENUM I MSI 101.1 %RECI 1 1 I I 

~~ 

L 22596 

RECRL 22596 2/21/00 00D1136-001.001 'NICKEL M s i  95.5 %REC j 1 ! 

- 

Note: Some Losaliona am not in IMP. These Locations am included because 

0002L570-001 99L1041 

0002L570-001 OOC0063 

0002L570-001 99L1041 

0002L570-001 99L1041 

0002L570-001 99L1041 

0002L570-001 99L1041 

0002L570-001 99L1041 

0002L570-001 99L1041 

0002L570-001 99L1041 

0002L570-001 99L1041 

0002L570-001 99L1041 

0001L239-001 OOCOO19 

1000144863 58984 

1000144864 58984 

0005L441-001 99L1314 

0005L441-001 99L1314 

0005L441-001 99L1314 

0005L441-001 99L1314 

0005L441-001 99L1314 

0005L441-001 99L1314 

0005L441-001 99L1314 

0005L441-001 99L1314 

0005L441-001 99L1314 

0005L441-001 99L1314 

0005L441-001 99L1314 

0005L441-001 99L1314 

0005L44 1-001 99L1314 

0005L441-001 99L1314 

0005L441-001 99L1314 

0005L441-001 OOC0175 

10005L441-001 199L1314 



Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 
Groundwater Calendar Year 2000 

Sample Result Detect Dilu, Lab 
Lab Location Bottle # Analyte Result Units 

RECRL140499 I 5/24/00~00D1280-016.001 NICKEL MS1 I 96.31%REC( 
R+E9--1 5/24/00~00D1280-016.001 POTASSIUM 1 MS1 93.71%REC1 1 1  10005L44 1-001 '99L1314 

RECRLi40499 1 5/24/00~00D1280-016.001 SELENIUM MS1 98.21%RECI i 1 ~0005L441-001 99L1314 

RECRL140499 I 5/24/00/00D1280-016.001 SILVER MS1 99.21%REC' I 1 1 i (0005L441-001 99L1314 

RECRLi40499 1 5/24/00/00D1280-016.001 SODIUM MS1 103.2(%REC I 1 1 I 0005~441-001 99~1314 

RECRL140499 I 5/24/00~00D1280-016.001 STRONTIUM MS1 99.9 %REC 1 1  1 0005L441-001 199L1314 

I o o o ~ ~ 4 4 1 - o o 1 ~ 9 9 ~ i 3 1 4  

0005L441-001 j99L1314 

0005L441-001 i99~1314 

RECRL(40499 1 5/24/00~00D1280-016.001 THALLIUM MS1 95.8 %REC 
RECRL140499 5/24/00 lOODl280-016.001 TIN I MS1 I 100.3 %REC 
RECRLi40499 1 5/24/00 /00D1280-016.001 /VANADIUM 1 MS1 I 100.71%RECI ! 1 i 
RECRLi40499- i 5/24/00 /00D1280-016.001 !ZINC I MS1 ! 87.4)Y0REC. j 1 ! 1 0005L441-001 i99L1314 

RECRL14087 1 4/20/00~00D1233-001.001 MERCURY ! MS1 85 %REC/ 1 I i 1 0004L119-001 IOOC0152 

Date Type Limit tion Sample # 

1 I ' 0005L441-001 9 

4-i 
_- ._ _- 

- - ~ - _ _  
EEL __ - 141 199 ~ i i 130 /00~Oo28~-oo7 .oo i  LITHIUM i MS1 108.2 %RECIB 1 1 I 0.076' 111000143872 158774 

GEL 141199 I 11130/00~01D0283-007.001 LITHIUM 1 MD1 1 106.6 %REC(B ! 1 0.076 li1000143873 158774 

GEL 52894 9/25/00 00D1522-005.004 ALUMINUM 1 MD1 I 110.9 %REC I 7.6 1 ioooii0703 47091 

GEL '52894 9/25/00 OODl522-005.004 [ALUMINUM I MS1 I 109.9 %REC/ 1 1 7.6 1 1000110702 47091 

GEL 52894 9/25/00 00D1522-005.004 ANTIMONY MS1 99 %REC 2.241 1 1000110702 47091 

GEL 52894 9/25/00 OODl522-005.004 ANTIMONY MD1 101 %REC 2.24 1 1000110703 47091 

GEL 52894 9/25/00/00D1522-005.004 ARSENIC MS1 97.2 %REC 2.46 1~1000110702 147091 

GEL 52894 9/25/00~00D1522-005.004 ARSENIC MD1 99 %REC! 2.46 1 1000110703 47091 

GEL 52894 9/25/00~00D1522-005.004 BARIUM MS1 99.1 I %REC ' 0.4871 1 1000110702 47091 

GEL 152894 9/25/00~00D1522-005.004 BARIUM I MD1 98.71%REC I 0.487 1~1000110703 147091 

GEL 52894 9 /25~oo joo~ i~22-oo~.oo4 ;BERYLLIUM 1 'Msi i 9 8 . 8 1 % ~ ~ ~  ' 0.212 ~~1000110702 47091 

GEL 52894 9/25/00 lOODl522-005.004 ' BERYLLIUM 1 MD1 [ 99.81%REC 0.212 1 1000110703 47091 

GEL 52894 9/25/00)00D1522-005.004 CADMIUM ' MS1 I 98.4(%REC, 0.361 I 1 1000110702 47091 

GEL 52894 9/25/00 00D1522-005.004 CADMIUM MD1 98.4 %REC' I 0.361 1 1000110703 '47091 

GEL ,52894 I 9/25/00 OODl522-005.004 CALCIUM MS1 92 %REC 8.19 ~~1000110702 470 

GEL 52894 9/25/00 00D1522-005,004 CALCIUM MD1 106 %REC 8.19 1 1000110703 470 

GEL 52894 9/25/00 OODl522-005.004 CHROMIUM I MSl ' 100.4 %RECI I 0.697 1'1000110702 470 

GEL 52894 9/25/00 00D1522-005.004 CHROMIUM MD1 102.4 %REC 0.697 1 1000110703 47091 

GEL 52894 I 9/25/00 00D1522-005.004 COBALT MS1 100.3 %REC 0.669 1 1000110702 47091 

GEL 52894 1 9/25/00 00D1522-005.004 COBALT MD1 101.1 %REC, I 0.669) 1 1000110703 47091 

GEL 52894 9/25/00(00D1522-005.004 COPPER MS1 99.21 %REC! I 1.541 1 1000110702 147091 

GEL 52894 I 9/25/00 0001522-005.004 /COPPER MD1 100.81%REC( 1 1 . 9  1 1000110703 147091 

GEL 52894 ' 9/25/00 0001522-005.004 /IRON MS1 99.8 %REC/ ~ 2.37 1 1000110702 147091 

GEL 152894 9/25/00 00D1522-005.004 IRON MD1 j 101.2 %REC1 , j 2.37 1 1000110703 47091 

GEL 52894 9/25/00 OODl522-005.004 LEAD I MS1 98.9 %REC 2.251 1 1000110702 47091 

GEL 52894 9/25/00 00D1522-005.004 ,LEAD MD1 100.5 %REC 2.25 1 1000110703 47091 

GEL 52894 9/25/00 OOD1522-005.004 LITHIUM MS1 108 %REC 0.01 1 1000110743 47793 

GEL 52894 1 9/25/00 00D1522-005.004 LITHIUM MD1 92 %REC 0.01 1 1000110744 47793 

GEL 52894 ' 9/25/00~00D1522-005.004 MAGNESIUM 1 MS1 100(%REC 4.55 1 1000110702 147091 

GEL 52894 9/25/00~00D1522-005.004 MAGNESIUM I MD1 [ 106/%REC 4.55 1 1000110703 47091 

GEL 52894 9/25/00 00D1522-005.004 MANGANESE 1 MS1 I 98.21%REC 0.477 1 1000110702 47091 

GEL 52894 9/25/00 00D1522-005.004 MANGANESE I MD1 I 100.6/%RECI 0.477 1 1000110703 47091 

GEL 52894 9/25/00 OODl522-005.004 MERCURY MS1 I l l l I % R E C  0.048 1 1000110767 46991 

GEL 152894 9/25/00 00D1522-005.004 MERCURY MD1 109 %REC 1 0.048 1 1000110768 46991 

GEL 152894 9/25/00 OODl522-005.004 MOLYBDENUM I MS1 103.3 %REC 1.39 1 1000110702 147091 

GEL 152894 9/25/00 OODl522-005.004 MOLYBDENUM 1 MD1 105.3 %REC 1.391 1 1000110703 147091 

GEL i52894 9/25/00 OOD1522-005.004 /NICKEL 1 MS1 100 %REC I 1.03 1 1000110702 147091 

GEL 52894 9/25/00 00D1522-005.004 I NICKEL 1 MD1 101.2 %REC 1 1.03 1~1000110703 147091 

GEL 52894 9/25/00 OODl522-005.004 POTASSIUM 1 MS1 100.6 %REC ' 0.496 1~1000110702 47091 

GEL 52894 9/25/00 OODl522-005.004 POTASSIUM I MD1 102 %REC 0.496 1~1000110703 47091 

GEL 52894 9/25/00 00D1522-005.004 SELENIUM MS1 95.4 %REC 2.37 ~~1000110702 47091 

GEL 52894 9/25/00 00D1522-005.004 SELENIUM MD1 97.2 %REC 2.37 1~1000110703 470 

GEL. 52894 1 9/25/00 00D1522-005.004 SILVER MS1 99.2 %REC I 0.618 ~(1000110702 470 

GEL 52894 1 9/25/00 00D1522-005.004 SILVER MD1 99.8 %REC 0.618 1~1000110703 ,47091 

GEL 52894 9/25/00~00D1522-005.004 SODIUM I MS1 40 %RECI I 10.6 1~1000110702 47091 

~ ~~ 

Nola: Some Localions em no1 in IMP. These Localions are included because 

I - analyses apply to m s u b  lhal am from IMP Localions. E-68 2000 Annual Table ((1-5) Malrix Splkes.xIs 



Appendix E Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 

Note: Some Localions are not in IMP. These Localions am included because 
analysea apply to msUlU thal am from IMP Locations. E-69 2WO Annual Table (11-0 k¶atrh Spikearts 



Appendix E Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PC6 Samples 

Groundwater Calendar Year 2000 

01-RF-02107 

Note: Some Locations are not in IMP. These iocalions are included because 
analyses apply to results th.1 an from IMP Locations. 

is5' 
E-70 2000 Annual Table (11.5) HalriX Spikerxls 



Appendix E Table 11 -5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Sample 
Date 

01-RF-02107 

Result Detect Dilu- Lab Lab 
Type Limit tion Sample# Batch # 

Bottle # Analyte Result Units 

10/30/00101 D0197-001.004 
GEL j70493 I 10/30/00~01D0197-001.004 
_____ GEL ' 170493 1 10/30/00~01D0197-001.004 
GEL 170493 I 10/30/00(01D0197-001.004 

Noto: Some Locations am not in IMP. There Locations am included because 
analyses apply to msuita that am irom IMP Locations. 

ANTIMONY MS1 I 1071%REC V1 1 2.241 1 1000126502 152506 

ANTIMONY j MD1 1 103.2!%REC V1 1 2.24 1~1000126503 152506 

ARSENk ' MS1 102.6(YORECI I V1 j 2.46 l/ioooi26502 152506 

ARSENIC ~ MD1 99.8iY0REC __II._._ I V1 I 2.46 l(iooo126503 152506 

E-7 1 2ow Annual Table (11.5) Matrix Spihs.xls 

GEL /70493 10/30/00~01D0197-001.004 iBARlUM j MS1 108.4;YoRECI I v i  j 0.487 i jioooi26502 -152506 
GEL '70493 j 10/30/00 01D0197-001.004 ;BARIUM MD1 103.81 %RECI V1 ~ 0.4871 1 j1000126503 152506 

_______._ GEL i70493 I 10/30/00'01D0197-001.004 IBERYLLIUM MS1 1051 %REC/ : V1 1 0.2121 111000126502 152506 

GEL 170493 I 10/30/00 01D0197-001.004 (BERYLLIUM MD1 100.6(%RECI V1 1 0.2121 1 ioooi26503 52506 

lGEL 170493 10/30/00 01D0197-001.004 /CADMIUM MS1 i 1051YoREC 1 V1 ' I 0.3611 1,1000126502 ,52506 

1GEL 170493 10/30/00 01D0197-001.004 CADMIUM MD1 100.6/%REC I v 1  0.3611 1 1000126503 52506 

GEL170493 10/30/00 01D0197-001.004 CALCIUM ' MS1 I 128 %REC I V1 ~ 8.191 1 1000126502 52506 

-- 

,- 

,--. 
;GEL (70493 10/30/00 01D0197-001.004 CALCIUM MD1 1 96 %REC, / v i  ' 8.191 i 1000126503 152506 

MS1 1 107.4 %REC I V1 0.6971 1 1000126502 152506 GEL i70493 10/30/00 0100197-001.004 /CHROMIUM - 

GEL 170493 : 10/30/00 01 Dol 97-001.004 I COBALT ___- 
_._____.- GEL j70493 ' 10/30/00~01D0197-001.004 ICOPPER ____ 

GEL 170493 10/30/00 01D0197-001.004 ICHROMIUM MD1 1 102.8 %REC V1 0.6971 1 1000126503 152506 

GEL [70493 10/30/00 01D0197-001.004 ICOBALT MS1 ' 106.2 %RECI V1 1 0.6691 1'/1000126502 152506 

MD1 101.6 %RECI V1 I 0.6691 1 1000126503 152506 

MS1 115.6 %RECI V1 I 1.541 -1 1000126502 152506 

GEL )70493 I 10/30/00 0100197-001.004 ICOPPER I MD1 101.4 %RECI V1 I 1.54j 1 1000126503 152506 

GEL 70493 j 10/30/00 0100197-001.004 IRON ' 1 MS1 105.2;%REC/ 1 V1 I 2.37 1 1000126502 152506 

GEL 70493 1 10/30/00 01D0197-001.004 IRON 1 MD1 101 %REC v 1  I 2.37 1 1000126503 152506 

GEL 70493 1 10/30/00 01D0197-001.004 LEAD I MS1 106 %REC V1 I 2.25 1 1000126502 (52506 

GEL 70493 I 10/30/00 01 DO1 97-001.004 LEAD MD1 101.8 %REC V1 I 2.25 1 1000126503 152506 

GEL 70493 ~ 10/30/00~01D0197-001.004 ILITHIUM MS1 113.6 %REC B I V1 I 0.0761 1 1000126525 '52500 

GEL 70493 I 10/30/00 01D0197-001.004 LITHIUM MD1 109.8 %REC B V1 I 0.076 1 1000126526 52500 

GEL 70493 10/30/00 01D0197-001.004 MAGNESIUM MS1 113.2 %REC v 1  4.55 1 1000126502 52506 

70493 10/30/00 01D0197-001.004 MAGNESIUM MD1 103.2 %REC v 1  4.55 1 1000126503 52506 

70493 10/30/00 01 D0197-001.004 MANGANESE MS1 105.8 %REC v i  0.477 1 1000126502 152506 

KILL 70493 10/30/00 01D0197-001.004 MANGANESE MD1 101.6 %REC/ i V1 I 0.4771 1 1000126503 52506 

RECRL 70493 ' 1/17/00 00D1078-003.001 MERCURY MS1 91.9i%RECi I 1 ~ 1 OOOlL276-001 OOC0025 
GEL 170493 10/30/00 01D0197-001.004 MERCURY MS1 107 %REC I v 1  0.048 1 1000126987 52904 

I 10/30/00 01D0197-001.004 MOLYBDENUM MS1 110.2 %REC v 1  1 1.39 1 1000126502 52506 

GEL 170493 I 10/30/00 OlDO197-001.004 MOLYBDENUM MD1 105.2 %REC v 1  1 1.39 1 1000126503 52506 

GEL 70493 10/30/00 OlDO197-001.004 NICKEL MS1 106.4 %REC v 1  I 1.03 1 1000126502 52506 

GEL 70493 10/30/00 0100197-001.004 'NICKEL 1 MDl  101.8 %REC( v 1  ' 1.03 1 1000126503 (52506 

GEL 70493 10/30/00 OlDO197-001.004 POTASSIUM MS1 103.2 %REC v 1  0.496 1 1000126502 52506 

GEL 70493 10/30/00 01D0197-001.004 POTASSIUM MD1 100 %REC v 1  0.496 1 1000126503 52506 

GEL 70493 10/30/00 OlDO197-001.004 SELENIUM MSl  101.6 %REC v 1  2.37 1 1000126502 52506 

GEL 170493 10/30/00 01D0197-001.004 SELENIUM MD1 97.6 %REC v 1  1 2.37 1 1000126503 52506 

GEL 170493 , 10/30/00 01D0197-001.004 SILVER MS1 102 %REC v 1  I 0.618, 1 1000126502 52506 

GEL '70493 1 10/30/00 01D0197-001.004 SILVER MD1 98.2 %REC v1 0.618 1 1000126503 52506 

GEL 70493 1 10/30/00 01D0197-001.004 SODIUM MS1 120 %REC v 1  10.6 1 1000126502 52506 

GEL 70493 1 10/30/00 01D0197-001.004 SODIUM MD1 104 %REC v 1  10.6 1 1000126503 52506 

GEL 70493 i 10/30/00 01D0197-001.004 STRONTIUM MS1 106.6 %REC v 1  0.205 1 1000126502 52506 

GEL 70493 10/30/00 01D0197-001.004 STRONTIUM MD1 101 %REC v 1  0.205 1 1000126503 52506 

GEL 70493 10/30/00 01D0197-001.004 THALLIUM MS1 106.4 %REC v 1  3.26 1 1000126502 52506 

GEL 70493 10/30/00 01D0197-001.004 THALLIUM MD1 102.2 %REC v 1  I 3.26 1 1000126503 52506 

GEL 70493 I 10/30/00 01D0197-001.004 TIN MS1 106.8 %REC v1 2.38 1 1000126502 52506 

GEL 70493 10/30/00 01D0197-001.004 /TIN MD1 102.4 %REC v1 2.38 1 1000126503 52506 

GEL 70493 10/30/00 01D0197-001.004 URANIUM, TOTAL MS1 109.8 %REC v1 0.723 1 1000126502 52506 

GEL 170493 10/30/00 01D0197-001.004 URANIUM, TOTAL MD1 104.6 %RECI ' V1 ! 0.723 1 1000126503 j52506 

1 10/30/00 OlDO197-001.004 'MERCURY MD1 106 %REC I V1 0.048 1 1000126~88 52904 

- 

GEL 70493 10/30/00 01D0197-001.004 VANADIUM MS1 106.4 %REC I V1 j 0.4551 1 1000126502 152506 

70493 10/30/00 OlDO197-001.004 VANADIUM MD1 102.2 %REC i v 1  / 0.4551 1 1000126503 /52506 

m 1 7 0 4 9 3  10130/00 01D0197-001.004 ZINC MS1 105.2 %REC V1 1 0.5041 1 io00126502 152506 

GEL 170493 10/30/00 OlDO197-001.004 ZINC MD1 100 %REC I V1 1 0.5041 1 1000126503 152506 

RECRL17086 2/7/00 00D1114-006.001 ALUMINUM MS1 97.2 %RECi I 1 1 I 1 0002L443-001 199L1009 



Appendix E 

Result 
Bottle # Analyte Result Units 

Sample 
Date Type 

Lab Location 

RECRLl7086 2/7/00~00D1114-006.001 :ANTIMONY 1 MS1 j 99.51%RECl 
RECRLi7086 I 2/7/00)00D1114-006.001 IARSENIC I MS1 1 98.7 %RECI 1 1  1 0002L443-001 199L1009 
~ ~ ~ ~ ~ 1 7 0 8 6  I 2/7/00~00D1114-006.001 [BARIUM I MS1 100.6 %RECI 1 I I 1 0002L443-001 j99L1009 
RECRL17086 I 2/7/00 00D1114-006.001 /BERYLLIUM 1 MS1 ' 102.3)YoREC 1 I 1 0002L443-001)99L1009 
RECRLl7086 1 2/7/00 00D1114-006.001 ICADMIUM MS1 94.3 %REC 1 I 1 0002L443-001~99L1009 
RECRLi7086 1 2/7/00 OODlll4-006.001 /CHROMIUM MS1 98.4 %REC' I 1 ! 1 0002L443-001 (99L1009 
RECRLi7086 1 2/7/00 00D1114-006.001 /COBALT MS1 96.9 %REC' 1 1 1 110002~443-001(99L1009 

RECRLi7086' I 2/7/00/00D1114-006.001 ;COPPER I MS1 102.2 %REC i 1  I 1 110002L443-001 199L1009 

i MS1 95.7 %REC 1 1  j I 110002L443-001 j99LlOOk_ 
. MS1 . 96.81%REC! I 1 ! 1 ~0002L443-001)99L1009 

~ p E Z 5 - l  ' 1 0002L443-001 !99L1009 

- RECRLj7086 --- j 2/7/00/00D1114-006.001 [IRON - 

RECRL17086 2/7/00)00D1114-006.001 [MANGANESE - 

RECRLj7086 : 2/7/00~00D1114-006.001 !LEAF 
RECRLi7086 j 2/7/00~00D~4-006.001 /LITHIUM 

1 0002L443-001 i99L1oos 
RECRLj7086 2/7/00 OODlll4-006.001 MERCURY MS1 I 1  ! 1 1 0002L443-001 ioocoo5i 
RECRLl7086 2/7/00 00011 14-006.001 MOLYBDENUM MS1 98.51%REC 1 1 j I 1~0002L443-001 1sgLioog 

_.__I_-__ 

- 
ki  loo.;^.;;^\ 1 

- 

- .. .______- 
RECRLi7086 2/7/00 OODlll4-006.001 K K E L  MS1 961%REC I 1  i I 1 0002L443-001 199L1009 
RECRL 17086 2/7/00 00D1114-006.001 SELENIUM 1 MSl 96.7 %REC 1 1 1 1 0002L443-001 199L1009 
RECRLl7086 2/7/00~00D1114-006.001 SILVER 1 MS1 98.9 %REC 1 1  j 1 0002L443-001 199L1009 

RECRL 7086 2/7/00~00D1114-006.001 ITHALLIUM I MS1 96.7 %RECI 1 I 1 0002L443-001 199L1009 
RECRL 7086 2/7/00~OOD1114-006.001 /TIN I MS1 98 %REC 1 / 1 0002L443-001 99L1009 
RECRL 7086 2/7/00~00D1114-006.001 \VANADIUM I MS1 99.6 %REC 1 1 1 0002L443-001 99L1009 
RECRL 7086 2/7/00~00Dll14-006.001 ZINC I MS1 , 95.3 %REC I 1 1 0002L443-001 99L1009 
RECRLj 8206989 1/12/00~00D1078-003.001 MERCURY 1 MS1 I 91.9 %REC 1 1  1 0001L276-001 OOC0025 
RECRLIMOUND R1 3/7/00~00D1155-003.002 ALUMINUM 1 MS1 I 110.2 %REC ! I  1 0003L701-004 99L1082 
RECRLIMOUND Ri  3/7/00 OODll55-003.002 [ANTIMONY i MS1 1 106.1'%REC i 1  , i 1 0003L701-004 99L1082 
RECRL! MOUND R1 3/7/00 00D1155-003.002 !ARSENIC I MS1 I 108.1 %REC 1 1 1 1 0003L701-004 99L1 
RECRLIMOUND R. 3/7/00 00D1155-003.002 lBARlUM MS1 103.4 %REC 1 1  I 1 0003L701-004 99L1 
RECRLIMOUND R. 3/7/00 00D1155-003.002 BERYLLIUM MS1 106.1 %REC 1 I . 1 1 0003L701-004 99L10- 
RECRLIMOUND R. 3/7/00~00D1155-003.002 CADMIUM MS1 101 %REC 1 1 0003L701-004 99L1082 
RECRL MOUND R, 3/7/00 OODll55-003.002 CHROMIUM MS1 101.7 %REC 1 1 0003L701-004 99LlO82 
RECRL MOUND R' 3/7/00 00D1155-003.002 COBALT MS1 97.9 %REC 1 1 0003L701-004 99L1082 
RECRL MOUND R1 3/7/00 00D1155-003.002 [COPPER MSI 105.1 %REC 1 1 0003L701-004 99L1082 
RECRLIMOUND R' 3/7/00 OODl155-003.002 IlRON j MS1 1 99.1 YoREC 1 I 1,0003L701-004 199L1082 

RECRLl MOUND R. 3/7/00 00D1155-003.002 iLEAD I MS1 1 ~ ~ I Y ~ R E C  i 1 1 0003L701-004 199L1082 
RECRLiMOUND R' 3/7/00 OODll55-003.002 !LITHIUM MS1 I 134.2 %RECJN 1 1 0003L701-004 '99L1082 
RECRLj MOUND R' 3/7/00 lOODll55-003.002 !MANGANESE MS1 I 105.7 %RECI 1 1 0003L701-004 99L1082 
RECRLIMOUND R. 3/7/00~00D1155-003.002 IMERCURY MS1 95 %REC' 1 1 0003L701-004 OOCOO90 
RECRLIMOUND R. 3/7/00~00D1155-003.002 /MOLYBDENUM MS1 103.81 %REC 1 1 W03L701-004 99L1082 
RECRLl MOUND R. 3/7/00~00D1155-003.002 /NICKEL MS1 97.21 %REC 1 1'0003L701-004 99L1082 

RECRL'MOUND R. 3/7/00~00D1155-003.002 SELENIUM MS1 106.81 %REC 1 I 1 0003L701-004 '99L1082 
RECRL MOUND R' 3/7/00[00D1155-003.002 SILVER MS1 107.6 %REC 1 1 0003L701-004 99L1082 
RECRL MOUND Ri  3/7/00 OODl155-003.002 STRONTIUM MS1 101.2 %REC 1 1 0003L701-004 99L1082 
RECRLIMOUND Ri  3/7/00 00D1155-003.002 THALLIUM MS1 97.7 %RECI 1 1  1 0003L701-004 99L1082 
RECRLIMOUND Rf 3/7/00 0001 155-003.002 TIN MS1 103.6 %REC 1 1 1 1 0003L701-004 99L1082 
RECRLIMOUND R1 3/7/00 0001 15!5-003.002 VANADIUM MS1 104.41%REC I 1 1 I 1 IOOO3L701-004 99L1082 
RECRL! MOUND R{ 3/7/00 OODll55-003.002 ZINC MS1 103.1 I%REC 1 1  ! 1 0003L701-004'99L1082 
RECRLlMOUG R{ 5/15/00 OOD1270-001.001 IALUMINUM MS1 94.6'%REC( I 1 0005L38odOl 99L1304 
RECRLIMOUND Rf 5/15/00~00D1270-001.001 /ANTIMONY MS1 101 %RECI 1 1 0005L38odOl 99L1304 
RECRLIMOUND Ri 5/15/00~00D1270-001.001 [ARSENIC 1 MS1 102.8 %REC , I 1 0005L380-001 99L1304 
RECRLIMOUND R, 5/15/00 00D1270-001.001 [BARIUM I MS1 98.8 %REC I 1 0005L380-001 99L1304 
RECRLIMOUND R. 5/15/00 00D1270-001.001 BERYLLIUM MS1 100.8 %REC ' 1 0005L380-001 99L1304 
RECRL MOUND R' 5/15/00 00D1270-001.001 CADMIUM MS1 94.9 %REC 1 0005L380-001 99L1304 

-. 
RECRL17086 2/7/00~00D1114-006.001 STRONTIUM 1 MS1 97.7 %RECi 1 j 1 0002L443-001~99L1009 

- 

... 

- 

1 0005L380-001 99L1 
1 0005L380-001 99L1 

RECRL MOUND R. 5/15/00 00D1270-001.001 CHROMIUM MS1 97.4 %REC I 
RECRL MOUND R' 5/15/00 00D1270-001.001 COBALT MS1 94.9 %REC 
RECRL MOUND R' 5/15/00 00D1270-001.001 COPPER MS1 102 %REC i 1 0005L380-001 99L1304 
RECRLIMOUND Ri 5/15/00 00D1270-001.001 IlRON ' MS1 97.2 %REC 1 1 0005L380-001 199L1304 

E-72 2O00 Annual Table (11.5) Matrix Spikos.rls 
Note: Some Locations am not in IMP. These Locations am included ixcause 
analyses apply to msults that am from IMP Locations. 

Table 11-5 01-RF-02107 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 



Appendix E Table 11-5 01 - RF-02107 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

. -. .. . . - .. - -. - 
ND R; 5/15/00!OODl270-0 

E-73 2 m  Annual Table 111.5) Matrix Splkns.xls 
Note: Some Locations am not in IMP. There Locations are included because 

1 f l  a w w s  apply to results that a n  from IMP Locations. 



Appendix E 

Result Lab Valid Detect Dilu Lab 
Result Units Date Analyte Type Qual ation Limit tion Sample# B 

RECRLIMOUND R 7/19/00 OOD1383-004.001 :VANADIUM - .__ ! MS1 101.51%REC/ ! 1 I 1/0007L933-001~99~ 
RECRLIMOUND R 7/19/00 00D1383-004.001 jZlNC [ MS1 I 93.51%REC I 1 I 1 1 /0007L933-001 199L1502 

I MS1 I 99.9 %REC 1 1 1 I 1 0008L.298-002 199L1568 RECRLIMOUND Rj  8/16/00 00D1431-001.004 ALUMINUM 
RECRLIMOUND Ri 8/16/00 00D1431-001.004 ANTIMONY 
RECRLLMOUND R{ 8/16/00 00D1431-001.004 .ARSENIC MS1 101.4 %REC( 1 ' 1 WO8L298-002 (99L1568 

1 1 [0008L.298-002 (99L1568 RECRLI MOUND R1 8/16/00 [00D1431-001.004 BARIUM l MS1 100 %REC( 
RECRLIMOUND Ri 8/16/00~00D1431-001.004 [BERYLLIUM MS1 100.1 %REC 1 '  I 1ooo8ugaooz 199L1568 

RECRLIMOUND Ri 8/16/00 OOD1431-001.004 CADMIUM MS1 94.9 YoREC 1 1 10008L298-002 99L1568 

RECRLIMOUND R{ 8/16/00 00D1431-001.004 CHROMIUM MS1 97.8 %REC 1 I 1(0008L29&002 99L1568 

RECRLIMOUND Ri  8/16/00 00D1431-001.004 COBALT MS1 j 95.64 %REC 1 I 1 1 0008L.298-002 99L1568 

RECRLIMOUND R! 8/16/00 00D1431-001.004 COPPER MS1 I 100.4,%REC 1 I 1 0008L298-002 99L1568 

1 MSl I 98 %RECl 1 1 ! 1 0008L298-002 199L1568 

1 MS1 1 95.5 %REC! 1 j 1 10008L298-002 199L1568 

RECRLIMOUND R' 8/16/00 00D1431-001.004 MANGANESE I MS1 I 100.3 %RECI 1 1  1 [0008L298-002 99L1568 

RECRLl MOUND R, 8/16/00 00D1431-001.004 MOLYBDENUM I MS1 97.9 %REC 1 1  110008l29&002 99L1568 

RECRLIMOUND R; 8/16/00 00D1431-001.004 NICKEL MS1 92.3 %REC, 1 1  1 [0008U98-002 99L1568 

RECRLIMOUND R' 8/16/00 00D1431-001.004 SELENIUM MS1 100.3 %REC 1 i  1 /0008U98-002 99L1568 

RECRLIMOUND R 8/16/OO[OOD1431-001.004 SILVER MS1 102.1 %REC 1 1  1 IOO08L298-002 99L1568 

RECRLIMOUND Ri 8/16/00~00D1431-001.004 STRONTIUM 1 MSl f 100.1 %REC 1 1  1 110008U98-002 99L1568 

RECRLIMOUND R' 8/16/00)00D1431-001.004 [THALLIUM j MS1 j 97.1 %REC 1 1  1 10008L298-002 99L1568 

RECRLiMOUND R. 8/16/00~00D1431-001.004 ITIN i MS1 99.61%RECI 1 ;  1 10008L.298-002 99L1568 

RECRLj MOUND R' 8/16/00( 00D1431-001.004 [VANADIUM i MS1 100.61%RECI I 1 j 1 10008L298-002 99L1568 

RECRL MOUND R, 8~ i6~oo joo~ i43 i -oo i .oo4 [ZINC MS1 98.5(%RECI I 1 1 1 ~0008LZ9&002 99L1568 

GEL MOUND R' 9/13/00 OOD1507-001.005 LITHIUM MS1 107.21%REC B 1 0.01 1 1000106252 457 

GEL MOUND R. 9/13/00 OOD1507-001.005 LITHIUM MD1 106.21%REC B 1 0.01 1'1000106253 457 

GEL MOUND R' 9/13/00 00D1507-001.005 MERCURY MS1 1081 %REC 1 0.043 1 1000106196 45524 

GEL MOUND R. 9/13/00 00D1507-001.005 MERCURY MDl 1041%REC 1 0.043 1 1000106197 45524 

GEL MOUND R' 9/13/00 00D1507-007.007 ALUMINUM I MS1 1 102.4 %REC 1 12.2 1 1000106236 45781 

GEL [MOUND R. 9/13/00 00D1507-007.007 ALUMINUM MD1 105 %REC 1 12.2 111000106237 45781 

GEL MOUND R' 9/13/00 OOD1507-007.007 ANTIMONY MS1 100 %REC 1 1.61 1 1000106236 45781 

GEL MOUND R' 9/13/00 00D'1507-007.007 ANTIMONY MD1 102.6 %RECI 1 1.61 1 1000106237 45781 

GEL MOUND R' 9/13/00 00D1507-007.007 ARSENIC MS1 99.8 %REC 1 2.92 1 1000106236 45781 

GEL /MOUND Ri 9/13/00 OOD1507-007.007 ARSENIC MD1 101.8 %REC 1 2.92 1 1000106237 45781 

MS1 102.7 %REC 1 1 0.457 1 1000106236 145781 

GEL MOUND R; 9/13/00~00D1507-007.007 BARIUM MD1 105.7 %REC 1 0.457 1)1000106237 45781 

GEL MOUND R, 9/13/00~00D1507-007.007 BERYLLIUM MS1 101.4I%REC 1 0.456 1 )1000106236 '45781 

Bottle # 
Sample 

Lab Location 

'-- I MS1 I 101.9 %REC / 1  I I 0008~298-002 i99~1568 

+ - 

- 
- .--L - 
RECRLlMOUND R{ 8/16/00 00D1431-001.004 \IRON 

RECRLIMOUND Ri  8/16/00i00D1431-001.004 :LEAD _- 

RECRLIMOUND R' 8/16/00 00D1431-001.004 MERCURY I MS1 101 %REC 1 1  1 ~0008Lz98-002 OOCO288 

RECRLIMOUND Ri 8/16/00~00D1431-001.004 ILlTHlUM I MS1 I 125 %RECI 1 1 ~0008L298-002 199~1568 

-. --___ 
__ 

~~ 

GEL MOUND Ri 9/13/00 00D1507-007.007 BARIUM 

GEL MOUND R' 9/13/00 00D1507-007.007 BERYLLIUM ' MD1 ' 104.2 %REC I 1 0.456 111000106237 45781 

GEL MOUND R' 9/13/00 00D1507-007.007 CADMIUM MS1 101.8 %REC 1 0.686 1 1000106236 45781 

GEL ]MOUND R, 9/13/00 OOD1507-007.007 ,CADMIUM 
~ MD1 I 104.6 %REC, 1 0.6861 1 1000106237 45781 

GEL MOUND R. 9/13/00 00D1507-007.007 [CALCIUM I MS1 I 103.2 %RECI 1 8.321 1 1000106236 45781 

GEL MOUND R' 9/13/00 00D1507-007.007 CALCIUM I MD1 [ 106.4 %RECI 1 8.321 1 1000106237 45781 

GEL MOUND R' 9/13/00 00D1507-007.007 CHROMIUM MS1 105.2 %REC[ 1 0.8711 1 1000106236 45781 

GEL MOUND R' 9/13/00 OOD1507-007.007 CHROMIUM MD1 107.6 %RECI 1 0.8711 1 1000106237 45781 

GEL /MOUND R. 9/13/00 00D1507-007.007 COBALT MS1 104.8!%REC1 1 0.9141 1 1000106236 45781 

GEL IMOUND R, ' 9/13/00 00D1507-007.007 ICOBALT MD1 107.41 %REC/ 1 0.9141 111000106237 45781 

GEL /MOUND R' 9/13/00 OOD1507-007.007 ICOPPER MS1 101.2 %RECI 1 1.631 1 1000106236 45781 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

GEL IMOUND R, 9/13/00 00D1507-007.007 /COPPER MD1 103.8 %RECI 1 
GEL MOUND R' 9/13/00 00D1507-007.007 /IRON MS1 104.1 %REC 1 

01 - RF-02107 

1.63 1 1000106237 45781 

8.6 1 ioooio6236 45781 

GEL MOUND R' 9/13/00 00D1507-007.007 /IRON MD1 106.7 %REC 1 I 8.6 1 1000106237 

GEL MOUND R' 9/13/00 OOD1507-007.007 LEAD MS1 104.4 %REC 1 1.381 1 1000106236 

GEL MOUND R' 9/13/00 00D1507-007.007 LEAD MD1 107.2 %REC 1 1.38 1 1000106237 ----- -__---- ___ 

45781 

45781 

4 5 7 8 a  

GEL MOUND R{ 9/13/00 
GEL MOUND R{ 9/13/00 
GEL IMOUND R{ 9/13/00 

00D1507-007.007 MAGNESIUM MS1 98 %REC 1 5.99 1 1000106236 

00D1507-007.007 MAGNESIUM MD1 104 %REC, 1 5.99 1 1000106237 45781 

00D1507-007.007 [MANGANESE ~ MS1 103.5 %RECi 1 0.9371 1 1000106236 145781 
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Sample 

1 MOUND R{ 9/13/00 

Location 
Date 

GEL I MOUND R{ 9/13/00 
GEL 1 MOUND Rj 9/13/00 
GEL /MOUND Ri 9/13/00 - 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Result Lab Valid Detect Dilu 
Qual ation Limit tion Bottle # Analyte Result Units 

Type 
00D1507-007.007 I MANGANESE MD1 I 106.1 %REC 1 1 I 0.9371 1~1000106237 45781 

00Di507-007.007 :MOLYBDENUM MS1 1 108.8 %REC 1 1  1.46 111000106236 45781 

00D1507-007.007 i MOLYBDENUM ! MD1 j 111.4/%REC 1 I 1.46 1(1000106237 45781 

OOD1507-007.007 !NICKEL I 1 1.29 I j1000106236 45781 j MS1 1 102.2l%REC 
-___________.--__ 

01-RF-02107 

i MD1 I 105.2j%RECI I 1 ! 1.29 1~ioooio6237 145781 

1 MS1 1 102.61YORECI i 1 j 21.5 1 ioooio6236 i4578i 

. GEL . . ._ IMOUND R1 9/13/00~00D1507-007.007 /NICKEL _ _ . ~ ~  

GEL IMOUND R1 9/13/00~00D1507-007.007 IPOTASSIUM -____ 

- GEL .. -. /MOUND R1 9/13/00~00D1507-007.007 SELENIUM - 

_.__ 

1 1 I 21.51 1 1000106237 /45781 

GEL ;MOUND R1 9/13/00~00D1507-007.007 ISELENIUM j MS1 I 100.6 %RECl ' 1  I 2.14i 1 1000106236 145781 

I MD1 I 102.6 %RECI 1 I 2.141 111000106237 145781 

GEL /MOUND RI 9/13/00~00D1507-007.007 SILVER I MS1 98.8 %RECI 1 0.935 1 1000106236 145781 

GEL [MOUND R{ 9/13/00~00D1507-007.007 /POTASSIUM I MD1 I 105.4 %RECi , 

__ 

GEL MOUND Ri 9/13/00 00D1507-007.007 SILVER I MD1 101.4/%RECi 1 0.935 1 1000106237 '45781 

GEL MOUND R1 9/13/00 OODl507-007.007 SODIUM I MS1 46 %REC 1 I 12.2 1 ioooio6236 45781 

GEL MOUND R' 9/13/00 00D1507-007.007 SODIUM I MD1 66 %REC 1 I 12.2 1 1000106237 45781 

GEL I MOUND R: 9/13/00 00D1507-007.007 I STRONTIUM 1 MD1 104 %REC/ 1 1 0.451 1 1000106237 45781 

GEL IMOUND R, 9/13/00 00D1507-007.007 [THALLIUM MS1 103 %REC 1 1 2.11 1 io00106236 45781 

GEL ,MOUND R', 9/13/00 OODl507-007.007 STRONTIUM 1 MS1 101.2 %REC, I 1 1 0.451, 1 1000106236 145781 

GEL !MOUND R, 9/13/00 00D1507-007.007 ITHALLIUM MD1 105 %REC 1 1  2.11 1 1000106237 45781 

GEL IMOUND R. 9/13/00 00D1507-007.007 ITIN MSl 108 %REC I 1 i 3.09 1 1000106236 45781 -- 
3.09 1 1000106237 45781 GEL /MOUND R. 9/13/00 00D1507-007.007 /TIN MD1 110 %REC/ I 1 I 

GEL 
GEL 
GEL 
GEL 

E-75 Note: Some Locations am not in IMP. These Locations are included bocavss 
analyses apply to results that am from IMP Locations. 

P209289 11/27/00 01 D0269-002.001 CADMIUM MD1 111.1 %REC 1 0.361 1 1000142933 58263 

P209289 11/27/00 01 D0269-002.001 CALCIUM MS1 220 %REC 1 I 8.19 1 1000142932 58263 

P209289 11/27/00 01 D0269-002.001 CALCIUM MD1 260 %REC 1 8.19 1 1000142933 58263 

P209289 , 11/27/00 01 D0269-002.001 CHROMIUM MS1 111.8 %REC 1 0.697 1 1000142932 58263 

2OMI Annual Table (11-5) Matrix Spikmxls 

GEL lP209289 j 
GEL 1 P209289 11/27/00 
GEL 1 P209289 11/27/00 
GEL 1 P209289 11/27/00 

GEL (P209289 11/27/00 
GEL , P209289 11/27/00 
GEL P209289 11/27/00 
GEL , P209289 11/27/00 

.. ____- 

GEL 1 P209289 11/27/00 

GEL lP209289 11/27/00 
GEL iP209289 11/27/00 

11/27/00~01D0269-002.001 ,CHROMIUM MD1 11 1.4 I %RECi 1 0.697 1 1000142933 58263 

01D0269-002.001 COBALT MS1 109.8 %RECi 1 0.669 1 1000142932 58263 

OlDO269-002.001 COBALT MD1 110.2 %REC 1 0.669 1 1000142933 58263 

01 D0269-002.001 COPPER MS1 105.6 %REC 1 1  1.54 1 1000142932 58263 

01D0269-002.001 COPPER MD1 104.6 %REC 1 j 1.54 1 ioooi42933 58263 

01D0269-002.001 IRON MS1 108.7 %REC 1 I 2.37 1 1000142932 58263 

01 D0269-002.001 IRON MD1 108.9 %REC 1 2.37 1 1000142933 58263 

01 D0269-002.001 LEAD MS1 111.4 %REC 1 2.25 1 1000142932 58263 

01 D0269-002.001 LEAD MD1 111.2 %REC 1 2.25 1 1000142933 58263 

01 D0269-002.001 LITHIUM MS1 113.8 %REC B 1 0.076 1 ioooi42937 58267 

01D0269-002.001 LITHIUM MD1 116I%REC B 1 0.076 1 1000142938 58267 

GEL 1 P209289 11/27/00 101 D0269-002.001 ]MAGNESIUM 1 MS1 114.8 %REC 1 I 4.55 1 1000142932 58263 

MS1 110.7 %REC 

i P209289 11/27/00 01 D0269-002.001 iMAGNESlUM 1 MD1 1 116.8 %REC 
1 P209289 11/27/00 01D0269-002.001 'MANGANESE I MS1 109.5 %REC 

GEL I P209289 11/27/00 01D0269-002.001 MANGANESE 1 MD1 109.1 %REC 
GEL I P209289 11/27/00 01D0269-002.001 MERCURY 1 MS1 113 %REC 

1 0.361 I 1 1000142932 58263 

1 4.551 1 1000142933 158263 

1 1 0.4771 1 1000142932 /58263 

1 I 0.4771 1 1000142933 158263 

1 j 0.0481 1 1000142875 158313 
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GEL P209289 ' 11/27/00 
GEL 1P209289 11/27/00 

Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

OlDO269-002.001 ISODIUM 1 MS1 I 180l%REC: , : I i 10.6/ 111000142932 158263 

0100269-002.001 ISODIUM - ! MD1 [ 208)%REC/ ' 1 I 10.6! 1(1000142933 (58263 

01-RF-02107 

__ GEL iP209289 11/27/00~01D0269-002.001 ;STRONTIUM i MS1 I 106.41%RECI 
GEL 1P209289 j 11/27/00'01D0269-002.001 /STRONTIUM 1 MD1 I 107.21%RECI 
GEL iP209289 1 11/27/00 0100269-002.001 [THALLIUM I MS1 I 110.3I%REC' 
GEL I P209289 I 11/27/00 01 D0269-002.001 THALLIUM I MD1 109.91%REC 
GEL lP209289 I 11/27/00 01D0269-002.001 TIN MS1 114.6 %REC 
GEL (P209289 I 11/27/00 0100269-002.001 TIN MD1 114.2 %REC' 

1 I 0.205 1 1000142932 158263 
1 ! 0.205 1'1000142933 158263 

' 1  I 3.26 1 1000142932 158263 

1 I 3.26 1 1000142933 58263 

1 I 2.381 1 1000142932 58263 

1 1 2.381 1 1000142933 58263 

Note: Some Location5 are not in IMP. These local ion^ are included because 
analy5e5 apply 10 m5ult5 that am fmm IMP Locations. , ,j 

GEL lP209289 I 11/27/00 01D0269-002.001 /URANIUM, TOTAL MS1 110.1 %REC I 1 ' 0.7231 1 
GEL P209289 I 11/27/00 01D0269-002.001 URANIUM, TOTAL MD1 I 108.7 %REC 1 1 , 0.723 1 
GEL P209289 I 11/27/00 OlDO269-002.001 VANADIUM MS1 I 109.5 %REC 1 0.455 1 
-_ GEL P209289 / 11/27/00)01D0269-002.001 VANADIUM 1 MD1 ' 109.1 %REC/ 1 0.455 1 
GEL lP209289 1 11/27/00~01D0269-002.001 ZINC I MS1 109.1 %RECI 1 0.504 1 

RECRLiP209489 i 5/3/00 00D1244-003.001 MERCURY MS1 81.2 %REC1 ~ 

GEL IP209289 11/27/00 0100269-002.001 ZINC I MD1 108.5 %RECI I 1 0.504i 1 
' 

~~~ ~~ ~~ ~~~~ ~~~ ~ ~~~ 

2 W  Annual Table 111.5) M l r h  Splkeaxls E-76 

ioooi42932 58263 

1000142933 58263 

1000142932 58263 

1000142933 58263 

1000142932 58263 

1000142933 58263 

0005L444-001 OOC- 

GEL lP219089 1 11/6/00 01D0204-008.001~ALUMlNUM MS1 100.8 %REC 1 7.61 ' 1 1000132663 550 

GEL P219089 I 11/6/00 01D0204-008.001 ANTIMONY MS1 103.6 %REC 1 2.24 1 1000132663 55090 

GEL P219089 [ 11/6/00 OlDO204-008.001 ANTIMONY MD1 106.8 %REC 1 I 2.24 1 1000132664 55090 

GEL (P219089 1 11/6/00 OlDO204-008.001 ARSENIC MS1 100.9 %REC 1 1  2.46 1 1000132663 55090 

GEL lP219089 ' 11/6/00 01D0204-008.001 ARSENIC MD1 I 103.5 %REC 1 I 2.46 1 1000132664 55090 

GEL lP219089 11/6/00~01D0204-008.001 BAqlUM MS1 103 %RECl 1 I 0.487 1 1000132663 55090 

GEL /P219089 11/6/00/01D0204-008.001 BARIUM / MD1 106.8 %REC 1 I 0.487 1 1000132664 55090 

GEL P219089 1 11/6/00 OlDO204-008.001 ALUMINUM MD1 103.8 %REC 1 

- 
GEL (P219089 ! 11/6/00~01D0204-008.001 IBERYLLIUM MS1 101.8iY0REC 1 1 0.2121 1 1000132663 55090 

GEL lP219089 j 11/6/00~01D0204-008.001 JBERYLLIUM MD1 105 %REC' I 1 0.2121 1 1000132664 155090 

GEL iP219089 [ 11/6/00~01D0204-008.001 [CADMIUM MS1 100.8 %REC 1 1 0.361 1 1 1000132663 155090 

GEL lP219089 ' 11/6/00(01D0204-008.001 /CALCIUM MS1 60 %REC 1 8.191 1 1000132663 155090 

GEL IP219089 1 11/6/00~01D0204-008.001 \CADMIUM MD1 103.8 %REC 1 0.361 I 1 1000132664 155090 

GEL lP219089 11/6/00 01D0204-008.001 CALCIUM MD1 I 86 %REC 1 8.19 1 1000132664 55090 

GEL P219089 11/6/00 01D0204-008.001 CHROMIUM MS1 I 105.1 %REC 1 0.697 1 1000132663 55090 

GEL P219089 11/6/00 01D0204-008.001 CHROMIUM MD1 1 107.7 %REC . 1 0.697 1 1000132664 55090 

GEL P219089 11/6/00 OlDO204-008.001 COBALT MS1 I 102.8 %REC 1 0.669 1 I000132663 55090 

GEL P219089 I 11/6/00 01D0204-008.001 COBALT I MD1 I 105.8 %REC 1 1 0.669, 1 1000132664 55090 

1 1 1.54 1 1000132663 55090 GEL P219089 I 11/6/00 OlDO204-008.001 COPPER MS1 103 %REC 
GEL P219089 I 11/6/00 01D0204-008.001 COPPER MD1 105.6 %REC f 1 1 1.54 1 1000132664 155090 
- GEL .P219089 ! 11/6/00 01D0204-008.001 ,IRON MS1 100.7 %REC 1 I 2.37 1 1000132663 155090 

GEL iP219089 : 11/6/00 01D0204-008.001 IRON MD1 103.9 %REC 1 I 2.37 111oooi32664 155090 
GEL i~219089 j i i ~6~oo1o i~o2o4-oo~ .oo i  LEAD MS1 1031YoREC i f 2.25 111000132663 j55090 

GEL P219089 1 11/6/00)01D0204-008.001 LEAD MD1 105.8 %REC ' 1 I 2.25 111000132664 155090 

,GEL P219089 I 11/6/00 OlDO204-008.001 MAGNESIUM MS1 I 92 %REC 1 I 4.55 1 1000132663 155090 

GEL P219089 11/6/00 OlDO204-008.001 MAGNESIUM MD1 102 %REC 1 4.55 1 1000132664 55090 

GEL lP219089 11/6/00 OlDO204-008.001 MANGANESE I MS1 103.4 %REC 1 0.477 1 1000132663 550 

GEL P219089 11/6/00 OlDO204-008.001 MANGANESE MD1 106.2 %REC 1 0.4771 1 loooi32664 550 

GEL P219089 11/6/00 01D0204-008.001 MERCURY MS1 102 %REC 1 0.0481 1 1000131809 54686 

GEL ,P219089 , 11/6/00,01D0204-008.001 ,MERCURY I MD1 , 1031%RECl , 1 I 0.0481 1)1000131810 ,54686 



Appendix E Table 11-5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 

1 Note: Some Locations are not in IMP. These Locations are included because 
annlyses apply to RSUIU (hat am from IMP Locations. CDsg 
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Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

01-RF-02107 

Note: Some Locations a n  not in IMP. There Locations are included becauea 
~ M I ~ S P I  apply to results that are from IMP Locations. I I  E-79 2000 Annual Table (11.51 Matrix Spikas.xis 
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Result 

ACCU ! 1 I NlTRATElNlTRlTE MS1 I 108 
ACCU , 

_. -- INITRATEINITRITE MS1 1 119 
ACCU i ! I NITRATElNITRITE I MS1 j 106 

____ 1 NITRATElNITRITE \ MS1 I 114 
ACCU I I I NlTRATElNlTRlTE 1 MS1 i 107 
ACCU ' 

! -- , 
! 

ACCU ! 

- - ________ 
- . __ - - -. . - - 
__-..--.-I_- 

Table 11 -5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

Units 

%RECI 
%RECl 1 0.051 1OO-Al3299S 15937081000 

%REC) 1 0.051 100-Al3874S /5861080700 

1 i 0.05 100-Al3744S i5937081000 %RECI 
%RECI 1 1 j 0.05 /00-A13741S j6248081200 

01-RF-02107 

1 NITRATEINITRITE I MS1 1 106,%REC 1 1 0.05 100-Al3976S 6251081200 

1 NITRATEINITRITE j M s i  j 1 0 0 1 % ~ ~ ~  ! 0.05 100-Al4486S 6389081500 

0.05) 100-Al5437S 8000082900 

ACCU I I j NlTRATElNlTRlTE I MS1 I 1041%RECI I 0.05 100-Al5389S 18549090500 

! NITRATEINITRITE I MS1 I 102I%REC1 1 1  0.05 00-Al5401S 18684090600 

i NITRATElNITRITE I MS1 1 104IYoRECI 0.05 OO-Al5389S 18549090500 . 
I MS1 108(%REC] 1 1 0.05i 00-A17071S (9698091400 

I 
ACCU I 

ACCU 1 I I 
I 
I 

i _______ ~ 

! NlTRATElNlTRlTE ~~~~ 

NITRATElNITRITE i MS1 100 %RECl 1 0.051 00-Al7348S 13195102000 

ACCU l NlTRATElNlTRlTE I MS1 1 104I%REC 

~- : NlTRATElNlTRlTE 
I MS1 ' 951%REC' 1 0.05i 00-A17406S 1601092400 

j NlTRATElNlTRlTE 1 MS1 i 88 %RECi 1 I 0.05i O O - A ~ ~ ~ ~ O S  1586092300 

! 

I - -- : NlTRATElNlTRlTE 

ACCU i 
! ACCU 8 

ACCU 
ACCU I 

____.~ .. ._ 
- __ __--.-________ 

%RECI ' 1 0.051 ' 00-AI8182S 12968101800 

0.05 00-Al8134S (2105100800 

MS1 122 %RECI 0.05 00-Al8182S 2968101800 

1 0.05 00-AZO224S 3819102700 

ACCU NITRATElNITRITE MS 1 96 %RECI 1 0.05 100-AZ0224S 3819102700 

0.05 00-AZO586S 42451 10100 

0.05 OO-AZO586S 4245110100 

NlTRATElNlTRlTE MS1 105 %REC 0.05 00-AZ1173S (5279111300 

MS1 105 %REC I 1 0.05 00-AZ1173S 5279111300 

NlTRATElNlTRlTE MS1 104 %REC 1 0.051 00-AZ1598S 5827112000 

0.05 00-AZ1173S 527 

NITRATE/NITRITE MS1 104 %REC 1 I 0.05 00-AZ1598S 582 

NlTRATElNlTRlTE MS1 104 %REC I 
NITRATEINITRITE MS1 96 %REC 0.05 O O - A Z ~ ~ Z S  8642122100 

NITRATE/NITRITE MS1 112 %REC 1 0.051 OOAZ3333S 8962122700 

NlTRATElNlTRlTE MS1 96 %REC 1 0.05 00-AZ4038S 8821 122300 

ACCU I ! NlTRATElNlTRlTE MS1 96 %REC 1 0.05 00-AZ4038S 8821122300 

MS1 112I%REC i 1 0.05 00-AZ3333S 8962122700 1 ACCU I ;:;;EE;:E;E 1 MS1 1121%RECI 1 1 0.05 00423333s /8962122700 

MS1 I 112/%REC/ I 1 0.05 00-AZ3333S i8962122700 

I SULFATE MS1 1 87 %REC' 1 1  1 1 00-A556S 9364011400 

. . ..- - . . - - - - - _ _ _ _ _ ~  
ACCU j i I  
ACCU j i 
ACCU I I N ITRATElN ITRITE I MS1 110 %RECI 
ACCU NlTRATElNlTRlTE 
ACCU NITRATEINITRITE MS1 961%RECI 

NITRATEINITRITE MS1 I 114 %RECI 
NITRATE/NITRITE MS1 114 %REC 1 1 

NITRATEINITRITE 

ACCU I 

I ACCU j I 
ACCU ! I 
ACCU 1 ! I NlTRATElNlTRlTE MS1 105 %REC 1 

I I 
I 

ACCU I 

ACCU I 
ACCU i 

ACCU 

I ACCU , ! 

ACCU 1 
ACCU I 

ACCU 

, 
1 NITRATE~NITRITE MS1 96 %REC 1 ' 0.05 OO-AZ1841S 5 8 2 7 1 m O  

0.05 00-AZ1598S 5827112000 

._ __-- I NlTRATElNlTRlTE _. . __  .__ 
I 1 NITRATEINITRITE MS1 I 116I%RECI 1 1 j 0.05 O O - A Z ~ ~ ~ Z S  i8962122700 ACCU ! ! 

ACCU 1 i 
ACCU j :SULFATE 1 M s i  j 95 %REC i 1 I 00-Al643S 859020200 

ACCU j 1 SULFATE MS1 107 %REC I 1 I 1 OO-A98OS 859020200 

ACCU SULFATE MS1 ' 104 %REC 1 f 1 00-Al643S 859020200 

ACCU SULFATE MS1 97 %REC 1 1  OQA2525 S 2131022200 

ACCU SULFATE MS1 I 97 %REC 1 1 (00-Al661S 859020200 

SULFATE MS1 I 97 %REC 1 1 00-AZ525S 2131022200 

SULFATE MS1 1 97 %REC 1 1 00-AZ525S 2131022200 ACCU 
ACCU SULFATE I MS1 I 101(%RECI 1 1 OO-AZ820S 3558030800 

i c z r - -  SULFATE I MS1 1 1041%REC/ 1 ! 1 I OO-A4192S 14291031700 

SULFATE 1 MS1 I 112 %REC i 11 00-A4495S 6527031700 

ACCU , I SULFATE i M s i  j 112 %REC 1 I OO-A4856S 5047032400 

ACCU ! 

ACCU j SULFATE MS1 1 103 %REC 11 00-A7533S 8130060100 

ACCU I SULFATE MS1 ' 96 %REC ' 1  1)  00471633 8130060200 

ACCU I SULFATE MS1 113 %REC 1 11 00-A7839S 9738053000 

ACCU SULFATE I MS1 94 %REC 11 1 00-A8762S 9590 

ACCU SULFATE MS1 113 %REC 1 ' 11 00-A7839S 973 

ACCU SULFATE MS1 111 %REC 1 1 I 00-AB353S 1576062000 

ACCU i 1 SULFATE MS1 lO8l%REC 1 11 00-AB848S 1426061100 

ACCU I 

____ ~ _ _  

-_ 

Note: Some Locations am not in IMP. These Locations are included lmcause 
aMIvses apply to msults that am l r m  IMP Locations. . , E-80 2WO Annual Table (11-5) Matrlx Spikos.xla 



Appendix E 

Sample Result Lab Valid. Detect Dilu. Lab Lab 
Qual ation Limit tion Sample# Batch # 

Location Bottle # Analyte Result Units 
Date Type 

00-AB848S 426061 100 ! SULFATE I MS1 I 108 %RECI 1 1 1 

ACCU i SULFATE I MS1 1 112 %REC ( 1  1 

- ACCU I 
ACCU I 

1 00-A9955S 1576062000 

00-A10625S 2286070300 

SULFATE I MS1 I 103 %REC 1 1 1 00-A10627S ,3133070700 

I MS1 1 112 %REC 1 I 1 100-AI0625S 12286070300 

I SULFATE I MS1 '94 %REC 1 1 00-A13583S 15551080300 ACCU 
I SULFATE I MS1 94 %REC 1 00-Al3583S 5551080300 ACCU 1 
i SULFATE MS1 89 %RECI j 1 ' 00-A13313S j7457081000 

MS1 94 %REC~ I 1 00-Al3583S ,5551080300 

ACCU j 

[SULFATE MS1 100 %REC/ j 1 00-AI3834S 7457081000 

ACCU ' 

ACCU I 
I SULFATE MS1 101 %RECI ! 1 j 00-Al3841S 6032081700 

1 1 00-A15696S 7339082300 
ACCU 1 i 
ACCU I SULFATE MS1 I 102 %REC 1 

MS1 I 112 %REC I 1 I 00-A14231S 16032081700 

SULFATE MS1 I 95 %REC 1 1 11 00-A15394S 7339082300 ACCU 
ACCU SULFATE MS1 1 96 %REC I 1 11 ' ' 00-A15392S 8437083000 

ACCU I SULFATE j M s i  I 102 %REC I 1 1 i 00-A15696S 7339082300 

I SULFATE I MS1 ! 89 %REC 1 1  1 00-A17467S 2292101000 

i SULFATE MS1 j 98 %REC; i 1 j 00-Al8499S 2292101000 

, OO-A20601S 4455110600 

1 00420869s 7207120500 

ACCU I SULFATE MS1 104 %REC 1 1  1 OO-A20869S 7207120500 

ACCU ISULFATE' MS1 i 112I%REC I V1 1 00423855s 8755010201 

- ACCU - I SULFATE 1 MS1 1 112(%REC I 1 

1- I SULFATE 

I 

_ _  .. 

! SULFATE _.-.~.___ 
, -  

I 
I 

I SULFATE ACCU I 

1 00-A1 7467s 724092500  SULFATE I MS1 I 90 %REC I 1 
I 

ACCU 1 I 
--1 ACCU 1 I--.-.- 

I i MS1 i 120 %RECi I 1 1 ,00-A18179S ~1600100300 ACCU I !  SULFATE 
i SULFATE MS1 i 101[%RECi i ~ 1 j ~OO-A~O~OIS 4455110600 

1 SULFATE MS1 101 %RECI 1 1 ~ 1 '  

ACCU 
ACCU 1 
ACCU ' 
ACCU I I SULFATE MS1 104 %RECI I 

SULFATE ! MS1 108 %REC 1 v 1  1 00423961s 750011701 

I SULFATE MS1 115 %REC 1 1  1 00421596s 6233112800 

ACCU 1 ~ I SULFATE , MS1 108 %REC 1 1  I 1 

1 00423074s 7971121500 

ACCU I I SULFATE MS1 107 %REC 1 1  1 00423074s 7971121500 

MS1 107 %REC 1 SULFATE 

00423961s 750011701 

ACCU ! I SULFIDE MS1 110 %REC . 1 1 0.0021 0 0 - ~ 4 4 9 6 ~  4597032100 

I MS1 91 %REC ~ V1 I 0.002 00-~23549s 8609122000 

ACCU I   SULFIDE j MS1 86 %REC V1 ~ 0.002 OO-A~~IOOS 9083122800., 

ACCU 

, ACCU j /TOTAL ORGANIC CARBON I MS1 108 %REC I ~ 11 O O - A ~ O ~ ~ S  5237032700 

- 
 SULFIDE - I 

- -. 

ACCU j /TOTAL ORGANIC CARBON ! MS1 831%RECI 1 V1 I 11 004423556s 8941122700 

Table 11 -5 
Matrix Spike Recovery For VOC - Metal - WQP - PCB Samples 

Groundwater Calendar Year 2000 

' 

~ 

" 

i: 

01 - RF-02107 

Note: Some Locations are not in IMP. There Locations are included because E-8 1 2wO Annual Table 111-5) Matrix Spihas.xIs analyses apply to msuIuI that are from IMP Locations. 

\4P 



Lab Sample 
# 

2 
Result/ 

Sigma Test Method 
Result LCS Units Analytical Lab Detect 
Type Yield Result Qual Limit Error 

Analyte Units Lab RIN 

Fraction 
GEL 00D1063 AMERICIUM-241 1 LC1 97 %REC 2.04747) PcllL I 0.006 0.1317lALPHASPEC 11000021183 

GEL I OOD1063)PLUTONIUM-239/240 I LC1 1001 %RECI 2.22505 Pcl/L 10.0274 0.1294 ALPHASPEC 1000021186 

E-82 

e Lab 
Batch # 

10002 

10003 

2000 Annual Tablo (It41 Rad-LCS.xls 

Groundwater Calendar Year 2000 

GEL I 00D1063ISTRONTIUM-89.90 I LC1 i 881 %RECI 35.7683 Pcl/LI I 1.66191 1.7068 GASPROP.COUNTER 1000023942 111259 

GEL i 00D10631TRITIUM 1 LC1 1 991 %REC 5248.3 PCllL I 255.61 241.6 LlQUlDSCINT.COUNT 1000023399 111014 

GEL OOD10631URANIUM-238 1 LC1 1031%REC 23.0969 PCllL 0.488 3.041 ALPHA SPEC 1000021195 10007 

GEL I 00D1071 IPLUTONIUM-239l240 I LC1 I 1001 %REC 2.225051 PCIlL 0.0274 0.12941ALPHA SPEC ~1000021186 10003 

GEL : OOD10711STRONTIUM-89.90 ' LC1 ' 881 %REC 35.76831 PCIlL 1.6619 1.70681GAS PROP. COUNTER 31000023942 111259 

GEL I 0001071 ITRlTlUM 1 LC1 I 112 %REC 5902.8 PCI/L 262 371 .5(LIOUID SCINT. COUNT 11000028755 13496 

GEL I 00D10711URANIUM-238 1 LC1 I 1031 %REC 23.0969 PCllL 0.488 3.041 /ALPHA SPEC 1000021195 10007 

GEL ! 00D1071 URANIUM-238 LCI j 90 %REC 10.2475 PCllL 0.4429 1.4877 ALPHA SPEC I 1000029588 I 13902 
GEL I 00D1071 URANIUM-238 LC1 i 95 %REC 10.7065 PCllL 0.0575 0.3801 ALPHA SPEC 1000021189 10004 

GEL ' 00D1078 AMERICIUM-241 LC 1 97 %REC 2.04747 PCllL 0.006 0.1 31 7 ALPHA SPEC 1000021183 10002 

GEL 00D1078 PLUTONIUM-239l240 1 LC1 100 %REC 2.225051 PCVLI I 0.02741 0.1294 ALPHASPEC 1000021 186 10003 

GEL 00D1078 STRONTIUM-89,90 I LC1 88 %REC 35.7683 I PCllL I I 1.661 9 I 1.7068 GAS PROP. COUNTER 1000023942 11259 

GEL 00D1078 TRITIUM I LC1 99 %REC 5248.31 Pcl/L I I 255.61 241.6 LIQUID SCINT. COUNT 1000023399 11014 

GEL 00D1078 I URANIUM-238 I LC1 1 95 %REC 10.70651 Pcl/L I 0.0575 0.3801 ALPHASPEC 1000021189 10004 

GEL 00D10881AMERICIUM-241 LC1 i 105 %REC 2.233081 PCllL 0.0196 0.1513 ALPHASPEC 1000023088 10887 

GEL OOD1088)AMERICIUM-241 LC1 I 95 %REC 2.00785 PCI/L 0.0335 0.1 145 ALPHA SPEC 1000029910 14024 

GEL OOD1088~PLUTON1UM-239/240 1 LC1 100 %REC 2.23917 PCVL 0.0159 0.1365 ALPHASPEC 1000023085 10886 

GEL 1 OOD1088)PLUTONIUM-239/240 1 LC1 112 %REC 2.50018 PCllL 0.0196 0.1323 ALPHASPEC 11000029922 14027 

GEL I OODIO~~~STRONTIUM-~~  90 I L c i  88 %REC 35.7683 PCllL 1.6619 1.7068 GAS PROP.COUNTER 11000023942 111259 

GEL j OOD1071IAMERICIUM-241 j LC1 1 971%REC 2.04747 PCVL 0.006 0.131 7 ALPHA SPEC 1 1 ~ ~ ~ ~ 2 1  183 1 1 ~ ~ ~ 2  

_ . ~ - -  --- 
. .. . . - - _. . . 

GEL j 00D1071 JTRITIUM I L c i  i 99 %REC 5248.31 PCllL 255.6 241.6j~iauio SCINT. COUNT j1000023399 11014 

- 

77 %REC 17.3624 1 Pcl/L I I 0.45761 2.5535 ALPHA SPEC 1000021199 10008 GEL 1 00D1078 URANIUM-238 I LC1 I 



GEL I 00D1320 PLUTONIUM-2391240 LC1 I 100 
LC1 I 90 

0001320 URANIUM-238 LC1 I 92 

E-83 

%REC 3.191 PCllL 0.0552 0.183 ALPHASPEC 1000070845 31719 

0.0566 0.449 ALPHA SPEC 1000070852 31723 

1000070855 31724 %REC 6.911PCllL 0.0593 0.53 ALPHA SPEC 

%REC 6.741 PCI/L 

2000 Annual Table lH4) Rad-LCS.xls 



Lab Sample 
2 

Resultl 

Type Yield Result Qual Limit Error # 
Analytical ' Result LCS Units 

Fraction 

Lab Detect Sigma Test Method Units Anal yte Lab RIN 
Lab 

Batch # 

E-84 

GEL i OOD13451AMERICIUM-241 I LC1 
GEL OOD1345)AMERICIUM-241 I LC1 
GEL 00D1345 PLUTONIUM-2391240 LC1 

Zoo0 Annual Table (114) Rad.LCS.xl8 

94 %REC 7.681PCllLI B I 0.1571 0.639iALPHASPEC ~1000078077 134916 

93 %REC 7.541 PCllL B I0.04091 0.661 [ALPHA SPEC (1000077593 '34688 

92 %REC 9.441 PCllL I 0.0317' 0.651 [ALPHA SPEC 11000078070 34912 

GEL 00D1345 PLUTONIUM-239l240 LC1 1 971 %RECI 10 I PCllL 
GEL 00D1345 URANIUM-238 LCl 941 %RECl 8.21 I Pcl/L 
GEL 00D1345 URANIUM-238 LC1 93 %REC~ 8.1 I PCllL 
SCA I 0001371 AMERICIUM-241 1 LC1 105 %RECI 2.281 PCllL 

I 0.389 0.958 ALPHA SPEC 1000077600 34690 

I 0.175 0.966 ALPHASPEC 1000078066 34910 . 
0.181 0.918 ALPHASPEC 1000077605 34691 

0.007 I 0.52 ALPHA SPEC ISCAQC-2014-LC112020 

SCA 00D1371 PLUTONIUM-239/240 I LC1 92 %REC( 1.82 1 PCllL 1 0.009 I 0.427 IALPHA SPEC (SCAQC-2014-LCl '2020 

GEL OOD1383IAMERICIUM-241 I LC1 
GEL OOD1383(PLUTONIUM-239/240 I LC1 
GEL 00D1383 URANIUM-238 ; LC1 
SCA OOD1386'AMERICIUM-241 I LC1 
SCA 00D1386 PLUTONIUM-239l240 LC1 
SCA 00D1386 URANIUM-233,-234 LC1 
SCA OOD1386 URANIUM-238 LC 1 
GEL j OODl395IAMERICIUM-241 LC1 

821 %RECI 1.731 Pcl/LI I0.05571 0.133lALPHASPEC 1000083814 37288 

101 1 %REC/ 2.251 Pcl/LI B 0.01361 0.1261ALPHASPEC ~1000083811 37287 

89) %RECI 10 I PCllL 1 0.1561 1.1 [ALPHASPEC I1000083808 37266 

101 I %REC/ 2.191 PCVL 0.0071 0.494 [ALPHA SPEC SCAQC-2018-LC1 2018 

1061 %RECI 2.09 PCI/L 0.01 6 0.474 ALPHA SPEC /SCAOC-ZOlB-LCl 2018 

107 %RECI 3.86 PCllL 0.023 0.927 ALPHA SPEC SCAQC-2019-LC112019 

110 %REC 3.98 PcI/L I 0.04 0.952 ALPHASPEC SCAQC-2019-LC1 201 9 

ALPHA SPEC ,1000093539 141022 I 102 %REC I l l  I 
GEL 1 OODl395lAMERICIUM-241 I LC1 j 109 ALPHA SPEC 11000093547 (41026 %REC I !  

I  ALPHA SPEC I1000093544 141025 

I ALPHA SPEC 1000093559 41035 
GEL OODl3951 PLUTONIUM-2391240 I LC1 1 991 %RECI I I 
GEL I OOD1395)PLUTONIUM-239/240 I LC1 90 I %REC 1 I I 

GEL , 00D1395 TRITIUM I LC1 , 

GEL 00D1411 AMERICIUM-241 I LC1 941 %REC I 

GEL j 00D13951STRONTIUM-89.90 I LC1 j 861 %REC! 7.481 PCllL 1 0.299 O . ~ ~ ~ ( G A S P R O P .  COUNTER 1000097236 142252 

94 %REC 38601 PCllLI J 351 4181LlOUlD SCINT. COUNT 1000089114 139367 
GEL I 00D1395 URANIUM-238 I LC1 I 99 %REC /ALPHA SPEC 1000093566 41038 

GEL ! 00D1395 URANIUM-238 1 LC1 96 %REC /ALPHA SPEC 1000093563 41037 

ALPHA SPEC 1000107688 45754 

ALPHA SPEC 1000107693 45755 

GEL I 00D1411 STRONTIUM-89.90 LC1 99 %REC 7.7 PCllL 0.439 0.441 GAS PROP. COUNTER 1000108154 45917 

GEL 1 00D1411 [STRONTIUM-90 LC 1 99 %REC 7.73 PCIlL 0.318 0.362 GAS PROP. COUNTER 1000111542 47069 

GEL j 00~1411 [TRITIUM LC 1 103 %REC 8440 Pcl/L J 254 4.341LlQUlD SCINT. COUNT '1000108052 45879 

GEL 00D1411 IURANIUM-238 1 LC1 118 %RECI  ALPHA SPEC 1000111588 47098 

GEL I 00D1411 [URANIUM-238 1 LC1 94 %REC(  ALPHA SPEC 1000120828 50355 

PARA i 00D1422IAMERICIUM-241 I LC1 100 %RECI 4.491 P W L  0.014 0.569'ALPHA SPEC AS03721 LCSl AS03721 

PARA 1 OOD14221PLUTONIUM-239l240 I LC1 97 %REC( 4.381 PCIlL 0.023 0.56 ALPHA SPEC AS03721LCSl IAS03721 

PARA 1 OOD1422)URANIUM-233,-234 1 LC1 100 %RECI 4.52 PCllLI 0.063 0.788 ALPHA SPEC AS03721LCSl [AS03721 

PARA I 00D14221URANIUM-238 j LC1 106 %RECI 4.78 PCllL 0.074 0.825 ALPHA SPEC AS03721LCSl AS03721 

i- __ __ - 

I 

GEL 00D1411 PLUTONIUM-239l240 LC1 102 %REC 

SWLO i 0001431 IAMERICIUM-241 LC 1 105 %REC 2 PCllL 0.048 0.1 6 ALPHA SPEC 00041 3121 1 -LCS 100091 1 121 1 

SWLO ' 00D1431 URANIUM-233.-234 LC1 102 %REC 2.5 PCllL' 1 0.02 1 0.1 6 ALPHA SPEC 00041 3121 1 -LCS 0009081 21 1 

GEL 00D1441 AMERICIUM-241 j LC1 94 %REC I 

98 %REC 2 Pcl/L 1 0.027 0.15 ALPHA SPEC 0004131211-LCS 000911 121 1 
~~~ ~~~~~~ 

SWLO 1 0001431 PLUTONIUM-239l240 LCl  

SWLO 00D1431 URANIUM-238 LC 1 108 %REC 2.6 Pcl/L 10.0074 0.16 ALPHASPEC 0004131211-LCS 0009081211 

ALPHA SPEC 11000107682 45752 

ALPHA SPEC 1000107685 145753 

GEL 00D1441 STRONTIUM-89,90 1 LC1 991 %REC 7.7 PCl/L I 0.439 0.441 GAS PROP. COUNTER 1000108154 45917 

GEL 00D1441 STRONTIUM-90 I LC1 991 %RECl 7.73 PCllL 0.318 0.362 GASPROP.COUNTER '1000111542 47069 

ALPHA SPEC 1000111605 147103 

'ALPHA SPEC 1000107682 145752 

GEL OOD1457:PLUTONIUM-239/240 LC1 109 %REC ALPHA SPEC 11000107685 '45753 

GEL ' 00D1441 PLUTONIUM-2391240 i LC1 1091 %REC 

GEL 00D1441 URANIUM-238 I LC1 93 %REC I 
GEL 00D14571AMERlCllJM-241 j LC1 j 94 %REC ! 

GEL 1 00D1457 URANIUM-238 LC1 
GEL I 00D1494 AMERICIUM-241 LC1 
GEL i 00D1494 PLUTONIUM-239/240 LC1 

ALPHA SPEC 1000111605 47103 

ALPHA SPEC 1000107682 45752 

109 %REC ALPHA SPEC 1000107685 45753 

93 %REC I 
94 %REC 

GEL i 0001494 URANIUM-238 I LC1 / 921%REC I ALPHA SPEC 11000107705 145758 

1000107682 45752 GEL 1 00D1507 AMERICIUM-241 LC1 94 %REC [ALPHA SPEC 

GEL 1 OODl507IPLUTONIUM-239/240 LC1 io9  %RECI ALPHA SPEC 1000107685 45753 

GEL I 00D1507~URANIUM-238 LC1 92 %RECI I I I [ALPHA SPEC 11000107705 . 45758 



Appendix E Table 11-6 01-RF-02107 
Laboratory Control Sample Recovery For Radionuclides 

Groundwater Calendar Year 2000 

E-85 2000 Annual Table 1114) Rad-LCS.rls 

\ 



Appendix E Table 11-6 01-RF-02107 

- 
Lab 

- 
SWLO 
SWLO 
SWLO 
SWLO 
SWLO 
SWLO 0100281 [TRITIUM- I LC1 j 90 I %REC I 7101 PCllLI I 2.61 14 LiauiD SCINT. COUNT oioi i8129i-Lcs oioii81291 

- 
__ 
- 
- 

SWLO [ 01D0281 lURANIUM-233,-234 1 LCl  j 1021 %REC 2.51 PCllLI I 0.0351 0.35 0101291211-LCS 0101291211 

SWLO I 01D0281 /URANIUM-238 j LCl  I 1071 %REC 2.61 PCI/LI I 0.061 0.36,ALPHASPEC ,0101291211-LCS 0101291211 

ALPHA SPEC 

SWLO ' 01D0283IAMERICIUM-241 LC1 ! 791 %REC 1.51 Pcl/LI i 0.0171 0.1 iALPHASPEC )0101301211-LCS ]0101301211 

jWL0 I 0100283)PLUTONIUM-2391240 i LC1 I 83/%RECI 1.7 PCllLl 0.022 0.12 ALPHASPEC 010130121 I-LCS 010130121 1 

%LO 1 OlD0283!URANIUM-233,-234 j LC1 107 i %REC 2.6 PCllL 0.029 0.15 ALPHASPEC ~0101251213-LCS ~0101251213 

SWLO j 01 DO2831 URANIUM-238 : LC1 1 1081%REC 2.6 PCllL 0.0066 0.15 ALPHASPEC ~0101251213-LCS ~0101251213 

01D0293IAMERICIUM-241 1 LCl 1 791 %REC 1.5 PCVL 0.017 0.1 ALPHASPEC ~0101301211-LCS ~0101301211 

SWLO 01D0293(PLUTONIUM-239/240 I LC1 1 831 %REC 1.7 PCllL 0.022 0.12 ALPHASPEC 101 01 301 21 1 -LCS IO101 30121 1 

SWLO 0100293 URANIUM-233.-234 LC1 1 108 %REC 2.6 I PCllL 0.0063 0.15lALPHA SPEC 0101191211-LCS 0101191211 

SWLO 01D0293 URANIUM-238 LC1 1 111 %REC 2.71 Pcl/L/ I0.00631 0.15 ALPHASPEC 0101 19121 I-LCS 0101 19121 1 

2.6 PCI/Ll 0.0063 0.15 ALPHA SPEC 0101191211-LCS 0101191211 

2.7 Pcl/LI 0.0063 0.15 ALPHASPEC 0101191211-LCS 0101191211 

SWLO 1 01D0306 URANIUM-233.-234 LC1 108 %REC 2.6 PCl1L 0.0063 0.15lALPHA SPEC 10101 19121 I-LCS 0101191211 

SWLO I 01D0306.URANIUM-238 1 LC1 i 111 %REC' 2.7 PCVL 0.0063 0.15 [ALPHA SPEC 010119121 I -Lcs  0101 19121 1 

SWLO 01D0297 TRITIUM LC1 1 89 %REC 700 Pcl/LI 1 2.4 14 LIOUIOSCINT. COUNT 0101191291-LCS 0101191291 

SWLO 0100297 URANIUM-233,-234 1 LC1 1 108 %RECI 
SWLO [ 01D0297 URANIUM-238 LC 1 111 %REC 
SWLO 01D0306 AMERICIUM-241 LC 1 791 %REC 1.5 PCllL 0.017 0.1 ALPHASPEC 0101301211-LCS ~0101301211 

SWLO 1 01D0306 PLUTONIUM-2391240 LC1 83 %REC, 1.7 Pcl/L 1 0.022 0.12 ALPHASPEC ~0101301211-LCS 0101301211 

;EL I 0100325 AMERICIUM-241 LC1 i 99 %REC  ALPHA SPEC 1000149871 60820 

;EL I 01D0325 NEPTUNIUM-237 LC1 1 113 %REC ]ALPHA SPEC 1000149386 60609 

;EL I 01D0325 PLUTONIUM-2391240 LC1 I 101 %REC  ALPHA SPEC 1000149868 60819 

GAS PROP. COUNTER 1000148866 60415 

/GAS PROP. COUNTER 1000148910 60429 ;EL I 01D0325 STRONTIUM-90 j LC1 1 118 %REC 
;EL I 01D0325 STRONTIUM-89.90 LC1 [ 116 %REC I 

I I i I I i I  I 
I I I I I I I I I I 

Jote: GEL (General Engineering Labs) does not perform LCS analyses for URANIUM-2331234 and URANIUM-235 but does do URANIUM-238. 
Jote: PARA (Paragon Labs) does not perform LCS analyses for URANIUM-235 but does do URANIUM-2331234 and URANIUM-238. 
Jote: SWLO (Southwest Lab of Oklahoma) does not perform LCS analyses for URANIUM-235 but does do URANIUM-2331234 and URANIUM-238. 

E-86 20W Annual Table (<<-E) RldlCS.rls 



Appendix E Table 11-7 
Rinsate Quality Control Results - Detections Only 

Groundwater 2000 

01-RF-02107 

E-87 ZOO0 Annual lablo (11-7) Rin.es.xls 



Appendix E Table j l - 7  
Rinsate Quality Control Results - Detections Only 

Groundwater 2000 

01-RF-02107 

ed as a RINSE 

E-88 2000 Annual Table (11-7) Rinms.rls 



Appendix E Table 11-8 
RFCA Groundwater Monitoring Sample Comparison: 

Required versus Actual Calendar Year 2000 

01-RF-02107 

Success Ratio 
Required Number of Visits Actual Number of Visits' Deviation % Samples Collected Actual Number Of Samples 

Collected (or Wells Visited) Discrepancy 
Justification Sample Types 

Q I  QZ Q3 Q4'  Annual 
Annual 
Total Total 

Q l  Q2 Q3 Q4 Q l  QZ 4 3  Q4 Total 
83 86 75 107 351 83 86 75 107 351 NA NA NA NA 0 0 0 0 0 100.0 100.0 100.0 1000 100.0 

Ql Q2 Q3 Q4 Q1 QZ Q3 Q4 
Annual Annual 

Totals 151215401446[718) 2216 15121540144617181 2216 1407(31913491447) 1522 111112211 97 12711 700 179.5159.1(78.3162.31 68.7 1 1 
'Does not reflect multiple visits to dry wells. 
Damaged (Dmgd) =Well damaged, sample could not be collected. 
Dry = Well did not recharge after purging. No samples collected. 
lnsw = Insufficient water to complete sample suite. 
Missed = Sample inadvertently not collected. 
1 Not Shipped = Sample collected but lost during shipping. 

E-89 

.:* ._ - .. L . . 

2000 Annual Table (11-8) Success.xls 



Appendix E Table 11 -9 
Summary of Groundwater 

Validation / Verification Completeness 
Calendar Year 2000 

01 - RF-02107 

Sample Types 

Totals 175891 6367 I 6697 I 7982 I 28635 I 81 I 0 I 19 I 83 I 183 I7700 I 6367 I 6722 I 8107 I 28896 198.6) 100 199.6) 98.51 99.1 I 30 I 0 I 6 I 42 I 78 

Usable data points include the following ValidationNerification qualifiers: JlJl, JBIJBl, UIU1, UJIUJI, VN1. 

Non-usable data points include the following ValidationNerification qualifiers: RlRl. 

Because Cesium and Methane analyses are set up via special contracts they are not being validated at this time. 

With respect to TR1-DL1 or TR1-TR2 analytical series, only one Result from a pair (with a validation qualifier) is counted here. 

Completeness = Dp, = DP, - DP, x 100 (in percent) 

DPi The acceptable QC criterion is >go%. 

E-90 2000 Annual Tablo (11.9) Valldallon Updalo.xh 



Figure 8-1 
East Industrtal Area Plume 

Iodlvidnal Hazardous Substance Utes 
Potential Areas Concern and 

Groundwater Monitoring Wells 

2000 Annual RFCA 
Groundwater Monltorlng Report 

EXPLANATION 
East Area Industrial Plume 
Investigation Wails 

Ail Other Wails - fAbandoned Wails Not lnoludedl 

0 IHSS [IHSSs of interest labeiedl 

0 PAC 

Foundation Drain 

Standard Map Features 
Buildings and other structures 
Demolished buildings 

0 - Lakes and ponds 
Streams, ditches, or other 
drainage features 
I 

Fences and other barriers 
Topographic Contour (5-Foot) 
Paved roads 
Dirt roads 

- 
- 

DATA SOURCEIUSE FEATURES: 
Subjact Mattar Expert: Joel Sobol x6786 
Euitdings, fences. h ychograph y.roada end 
other structuras from 1994 aariat fb-over 
data capturadby EG&G RSL. Las kgas 
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Figure 8-11 
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Figure 8-12 
PULD Yard Groundwater 
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Figure 8-13 
PUtD Yard Groundwater 
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8-14 
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Figure 9-1 
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Figure 9-2 
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Figure 10-1 
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